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[57] ABSTRACT 

A liquid crystal display includes a matrix array of liquid 
crystal pixels, data lines formed along columns of the pixels, 
TFTs assigned to the pixels for causing the data lines to be 
electrically connected to the pixels of a selected row, and a 
data line driver which drives the data lines and has a first 
video bus for transmitting analog pixel signals of the posi- 
tive polarity for the pixels of one of odd and even columns 
in a selected row, a second video bus for transmitting analog 
pixel signals of the negative polarity for the pixels of the 
other one of the odd and even columns in the selected row, 
sample-hold units each assigned to adjacent two of the data 
lines to simultaneously sample-hold the pixel signals on the 
first and second video buses, and a shift register circuit for 
enabling the operations of the sample-hold units sequen- 
tially. Particularly, each sample-hold unit has a first switch 
circuit for causing the first and second video buses to be 
connected to one of the adjacent two data lines and the other 
one of the adjacent two data lines, and a second switch 
circuit for causing the first and second video buses to be 
connected to the other one of the adjacent two data lines and 
the one of the adjacent two data lines, and the shift register 
circuit has a logic circuit for periodically switching between 
the first and second switch circuits of each sample-hold unit. 

17 Claims, 9 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY problem. If the polarity of the pixel signal voltage is 

reversed in the same manner for all the pixel electrodes 
BACKGROUND OF THE INVENTION during the frame period, this causes generation of flickers 

... which deteriorate the image quality. To reduce the flickers, 

The present invention relates to a flat-panel display used ^ there is used a drive method of ddving adjaceQt columns of 

as an image monitor for a computer and a television receiver " the pixel electrodes by the pixel signal voltages of the 

and particularly to a liquid crystal display driven by a signal different polarities. For example, for a certain frame period, 

voltage whose polarity is periodically reversed. p i xe l signal voltages of the negative polarity are applied to 

In recent years, liquid crystal displays have been widely the pixel electrodes connected to the even-numbered signal 

used in views of merits of thickness, light weight, and low 10 lines, and signal voltages of the positive polarity are applied 

power consumption. The liquid crystal display has a struc- to the pixel electrodes connected to the odd-numbered signal 

hire in which a liquid crystal layer is held between an array lines. For a next frame period, pixel signal voltages of the 

substrate and a counter substrate. Each of the array substrate negative polarity are applied to the pixel electrodes con- 

and the counter substrate, for example, has a light transmit- nected to the odd-numbered signal lines, and pixel signal 

ting and insulating property, and the liquid crystal layer is ]5 voltages of the positive polarity are applied to the pixel 

made of liquid crystal composition filled into a gap between electrodes connected to the even-numbered signal lines, 

the array substrate and the counter substrate. The array There is also known a drive method of further driving 

substrate comprises a matrix array of pixel electrodes, a adjacent rows of the pixel electrodes by pixel signal voltages 

plurality of scanning lines formed along columns of the of the different polarities. For each frame period, pixel signal 

pixel electrodes, a plurality of signal lines formed along 20 voltages of the positive polarity are applied to the odd rows 

rows of the pixel electrode, and a first alignment film of the pixel electrodes connected to the odd -numbered signal 

covering the entire matrix array of pixel electrodes. The lines, and the even rows of the pixel electrodes connected to 

scanning lines serve to select the corresponding rows of the the even- numbered signal lines. Moreover, pixel signal 

pixel electrodes, and the signal lines serve to apply pixel voltages of the negative polarity are applied to the odd rows 

electrode signal voltages to the pixel electrodes of the 25 of the pixel electrodes connected to the even-numbered 

selected row. The counter substrate has a counter electrode signal lines, and the even rows of the pixel electrodes 

facing the matrix array of pixel electrodes, and a second connected to the odd-numbered signal lines, 

alignment film covering the entire counter electrode. The With this drive method, the polarity of the pixel signal 

first and second alignment films are provided for causing voltage is reversed for each of the pixel electrodes arranged 

liquid crystal molecules of the liquid crystal layer to be set 30 two-dimensionally on the liquid crystal display screen. As a 

in a twisted nematic (TN) alignment when no potential reS ult, the flickers can be prevented from being visually 

difference exists between the pixel electrode and the counter recognized easily. 

electrode. When light is incident to the liquid crystal layer However, a voltage of about ±5 V is normally needed to 

from one substrate side through a polarizing plate, light control the liquid crystaI Due to this, it is necessary for a 

rotates along the twist of the liquid crystal molecules aligned 35 s i gna] line t0 have a driving ability which can o5tain 

in the thickness direction of the liquid crystal layer, so as to a sufficient voltage accuracy in a large output dynamic range 

be guided to the other substrate, and selectively transmitted of 10 y 7^ causes an i ncreaS e in power consumed by the 

through a polarizing plate. If a potential difference is pro- liquid crystal display, 
vided between the pixel electrode and the counter electrode, 

the molecules are tilted up by an angle, which is proportional 40 BRIEF SUMMARY OF THE INVENTION 

to the potential difference, from the plane parallel to the An object of the present invention is to provide a liquid 

substrate surface where an image is displayed. As a result, crystal display capable of reducing power consumption 

light transmittance is changed. while maintaining an excellent display quality. 

In an active matrix liquid crystal display, a plurality of According to the first aspect of the present invention, 

thin film transistors (TFT) are respectively formed near 45 there is provided a liquid crystal display which comprises a . 

intersections of the scanning lines (or gate lines) and the matrix array of pixels to be selected for each row, a plurality / 

signal line (or data lines), and each used as a switching of signal lines connected to the ;pixe Is o£ a selected row, a 

element for selectively driving the corresponding pixel plurality of D/A converters, arranged to-eorrespond to The 

electrode. Each TFT has a gate connected to one scanning signal lines, for converting digital pixel signals externally 

line, and a source-drain path connected between one signal 50 supplied for the pixels of the selected row into.analog.pixel 
line and one pixel electrode. The TFT is turned on in '"signals, an amplifying section for . amplifying the pixel 

response to a rise of a scanning pulse from the scanning line, signals obtained from -the-D/A" converters, and a switch 

and supplies the pixel signal voltage to the pixel electrode section for ,outputtrng?Nthe^pixel signals obtained from the 

from the signal line. The pixel electrode and the counter amplifying- sect ion to the signal lines, 

electrode are associated with the liquid crystal layer to 55 The amplifying section has groups of first and second 

constitute a liquid crystal capacitance to be charged accord- amplifying circuits each for amplifying the pixel signals 

ing to the potential difference between these electrodes. This obtained from adjacent two of the D/A converters in the 

potential difference is maintained by the liquid crystal opposite polarities. The first amplifying circuit is connected 

capacitance even after the TFT is turned off in response to to a positive power source to amplify the pixel signal in the 

a fall of the scanning pulse. 6 o positive polarity, and the second amplifying circuit is con- 

In a case where the electric field is kept in the same nected to a negative power source to amplify the pixel signal 

direction, materials other than the liquid crystal tend to in the negative polarity. The switch section has groups of 

gather one electrode side, thereby causing the life of the switch circuits each for causing two of the signal lines to be 

liquid crystal layer to be shortened. Conventionally, a tech- exchanged and output the pixel signals obtained from the 

nique of reversing the polarity of the pixel signal voltage 65 first and second amplifying circuits. 

with respect to the potential of the counter electrode every According to the display constituted as mentioned above, 

one frame period, for example, is known as a solution of the since each amplifying circuit is operated in a single polarity, 
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power consumption can be reduced. The D/A converters DETAILED DESCRIPTION OF THE 

perform the digital -analog conversion without changing the INVENTION 

polarity, accuracy of the conversion can be improved. A . „ . .. , ,. . _.. 

f. " . \ fi . A , A , • An active matrix liquid crystal display according to one 

Moreover, each set of the D/A converter and the amplifying . , fl , . . , , , 

. , . ' . i embodiment of the present invention will now be described 

circuit is used in common tor adiacent two signal lines. 5 ... e t , 

~ ... . II, with reference to the accompanying drawings. 

I neretore, the circuitry size can be reduced. . . r ,. . , ... 

A * • * i /7 • . .. FIG, 1 is a circuit diagram of the liquid crystal display. 

According to the second aspect of the present invention, - r , i j- , . r j • * 

, , «j j i- >j . * * . lne liquid crystal display comprises a gate line driver 1, a 

there is provided a liquid crystal display wh.ch composes a da , a ^ ^ 2 J" \. / , a] * ne , 31 ^ H M 

matrix array of pixels to be .selected for each row a plurality j el 31 has *» a / subs £ ate and , colmter 

of signal lines connected to the pixels of a selected row. a 10 ' r . .. . ; . . t , 

„ .j . r 4 r , - t ■ i rA. substrate, each having a light transmitting property, and a 

first video bus for transmitting an analog pixel signal of the v , , , j 

. . j * ij j & . r hquid crystal layer which is held by the array and counter 

positive polarity assigned to one of odd and even columns of u« * j j r i- -j /i cu j- 

f. . , . • f L * * j -j •_ r substrates and made of liquid crystal composition filled in 

the pixels present in the selected row, a second video bus for t . * L u * t-L l . * l i 

4 r ._. r . , the gap therebetween. The array substrate has a glass 

transmitting an analog P«eU,gnal of the negative polarity subst a nxm 7 electrodes u formed 

assigned to the other one of the odd and even columns of the 15_ u. * . i- vi « v * j i 

. . ~ .... - „ j , r . t ,^ on the glass substrate, n gate lines Yl to Yn formed along 

^J^ mt ^^.^^^^m^mi- rows of the pixel electrodes 11, m data, lines XI to Xm 

circuits. . arrange d^to^com csDondf to 8 the signal lines,, for^ r r , r • . , 4 j -m 

' ."Tn.i Ti ll M ' JP.L 1 'OT . 3 l i^ri^.» * ii jjw M M r ■ ; ,. „ formed along columns of the pixel electrodes 11, nxm thin 

sequenUall^fmplelnTndin™ by , c , t - . in r 

. . ^ j: . .r^j^WTgii m> r nlm transistors (TFT) 12 formed near intersections of the 

the first and .seMndJM ide^guset ^ of . .. V i * v j «u j , t vi < v •* u- 

. .MtfsSfflBMg*^^ v. \j. m/mmma ^. , on gate lines Yl to Yn and the data lines XI to Xm as switching 

. eaclvgfpan^ 20 0 to 

j tt^t 4 \ f j- . *. elements, and a first alignment film covering the entire 

second video tu^b^nected to onj^adjacent two ^ of ^ ^ £^ 20 . ^ coun % r subslrate 

signal hnesialfdMhe ltother^of the^adiacent two signal lines. . , u * f ru*uu- ci 1 

jHPiif>» . . -:~-^u^^ v . v J has a glass substrate, a light shielding film formed to mask 

and a^second. switch circuit for^eausing^neinrst^and^econd * u ■ 1 1 * j -it icn* 

. , _ jT^*^^^6B«fer' * tt an area surrounding each pixel electrode 11, a color filter for 

video buses;to>be connected to the other of the adiacent two . .. . . . , r . # . , t e 

, ..■v^4*t_ r.t. j ■ it ,,- oc filtering light to selectively transmit color components of 

signal lines and the one of the adiacent two signal lines. The 25 j L 1 * 1 . j 11 • * tL . 

, j i_ * *i. i.-i. 1 . red, green, and blue, a counter electrode 13 opposing to the 

first and second switch circuits are selectively turned on to r • 1 1 . j n j j i- 

. , -ji matrix array of pixel electrodes 11, and a second alignment 

simultaneously sample-hold the pixel signals transmitted by C1 . it _ r t . 4 . ' . ™_ J s 1 , 

. n . ' , . , ■ , . , , nlm covering the entire counter electrode 22. The first and 

the first and second video buses and causing the two signal , r , C1 , e . .. 

, . . - second alignment films are provided for causing liquid 

lines to be exchanged and output the pixel signals, respec- . , , . , , . . . . , ? ,. nxT v 

0 30 cr y sta l molecules to be set in a twisted nemalic (IN) 

tlve ^' alignment when no potential difference exists between the 

According to the display constituted as mentioned above, pixel eleclrode u and the counter electrode 13. Each TFT 12 

when the liquid crystal display is used to display a color has a gate connected t0 one of lhe gate Hnes Y l to Yn, and 

image, the first and second video buses are used in common a sou^-drain path connected between one of the data lines 

for color pixels (R-G, G-B, B-R) adjacent to each other in X1 t0 Xm and one of the pixel electrodes 11. Each pixel 

rows. Since each video bus transmits the pixel signal of a electrode 11 is associated with the counter electrode 13 and 

single polarity, power consumed due to the parasitic capaci- the liquid cryslal layer t0 constilute a liquid crystal capaci . 

tance of the video bus can be reduced. Moreover, the tance CLC. TVo polarizing plates are adhered onto the outer 

adjacent signal lines can be driven by only these video surfaces of the array and counter substrates to be right angles 

buses. Such a decrease in the number of video buses enables ^ with each other ^ gate , ine driver x and the dala line 

to reduce the circuitry size. driver 2 are located outside the matrix array of the pixel 

BRIEF DESCRIPTION OF THE SEVERAL electrodes 11 in the glass surface of the array substrate. 

VIEWS OF THE DRAWING The gate line driver 1 is controlled by control signals 

FIG. 1 is a circuit diagram of an active matrix liquid supplied from an external liquid crystal controller to perform 

crystal display according to a first embodiment of the 45 an operation of sequentially driving the gate lines Yl to Yn 

present invention* m eacn ^ rame P er i°d- Th e control signals for the gate line 

ryi/~* ■ • * - t j* . • c driver 1 include a vertical start signal STV to be generated 

FIG. 2 is a circuit diagram showing a main structure ot a £ . , , T- 1 , , ■ , ^™ 7 . 

* . 1 • , . , . rjrr 1 every one frame period and a vertical clock signal CPV to 

data line driver shown in FIG. 1; i_ » j i_-,t • • j -n. 

m ^ ^ . . . ,. _ , . . be generated every one horizontal scanning period. The 

HG. 3 is a circuit diagram for expla.nmg a modification ation rf ^ ^ ddw[ x fa formed b use of , 

of the data line driver shown id FIG. 1; *<> shift regjster drcujt which ^ ^ verljcal ^ sigQa| $TV 

HO. 4 is a circuit diagram of an active matrix liquid ;„ synchronism with lne verlical dock signal C PV. 

cryslal display according to a second embodiment of the ™ . . .. . . . . . „ . , ... . 

resent invention' driver 2 is controlled by control signals 

™„ r ■ • • * supplied from the external liquid crystal controller to per- 

FIG. 5 is a circuit diagram for explaining a first modifi- $s form aR operation of scquentially driving the data Hnes X1 

cation of the data line driver shown in FIG. 4; [Q Xn k each horizontal scanning pcr iod. The control signals 

RG. 6 is a circuit diagram for explaining a second for the data line drivcr 2 i nc l udc a horizontal start signal 

modification of the data line driver shown in FIG. 1; STH to be generated every one horizontal scanning period, 

FIG. 7 is a circuit diagram for explaining a third modi- a d i g i ta l video signal constituted by series items of pixel data 

fication of the data line driver shown in FIG. 4; 60 DATA to be generated every one horizontal scanning period, 

FIG. 8 is a circuit diagram showing D/A converters shown a horizontal clock signal CPH to be generated for each pixel 

in FIG. 7 along with their peripheral circuits, in detail; data DATA, and frame signals Fl and F2. The data line 

FIG. 9 is a circuit diagram for explaining a fourth modi- driver 2 comprises b shift register circuit 33, rn D/A con- 

fication in which the data line driver shown in FIG. 7 is verters 34, m/2 first amplifying circuits 35, m/2 second 

applied to a color display; and 65 amplifying circuits 36, and m/2 analog switches 37. 

FIG. 10 is a view showing pixel data streams to be The shift register circuit 33 performs a serial-parallel 

supplied to the data line driver shown in FIG. 9. conversion of pixel data DATA by shifting the horizontal 
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start signal STH in synchronism with the horizontal clock polarity are output from the first amplifying circuit 35 to the 

signal CPH, latching pixel data DATA of a video signal at data lines X2, X4, X6, . . . . The destination of the pixel 

the time when the horizontal start signal STH is shifted, and signals of the positive and negative polarities is changed 

outputting the pixel data DATA to the D/A converter 34 between the pair of the data lines XI and X2, the pair of the 

corresponding to the shift position of the horizontal start 5 data lines X3 and X4, and the pair of the data lines X5 and 

signal STH. The m D/A converters 34 are arranged to X6 every one frame period. In other words, the pair of the 

correspond to the data line XI to Xm, and sample-hold pixel data lines XI and X2, the pair of the data lines X3 and X4, 

data DATA supplied from the shift register circuit 33 to and the pair of the data lines X5 and X6 are driven in a V-line 

convert each pixel data DATA to an analog pixel signal. The reverse manner by the pixel signals of the positive and 

m/2 amplifying circuits 35 are connected commonly to a 10 negative polarities which are reversed every one frame 

positive power line +V, and amplify the pixel signals from period. 

the odd-numbered D/A converters 34 in the positive polarity. FIG. 2 shows the main structure of the data line driver 2 

The m/2 second amplifying circuits 36 are connected com- shown in FIG. 1. Input terminals INI and IN2 are connected 

monly to a negative power line -V, and amplify the pixel to receive the pixel signals supplied from the adjacent two 

signals from the even-numbered D/A converters 34 in the 15 D/A converters 34. The first amplifying circuit 35 comprises 

negative polarity. In other words, the pixel signals from the a differential amplifier 38, an N-channel transistor 39, and a 

adjacent two D/A converters 34 are amplified by the ampli- constant current source 40. The drain of the transistor 39 is 

fying circuits 35 and 36 in the opposite polarities. The m/2 connected to a positive power line +V, and the source thereof 

analog switches 37 are connected to the m/2 amplifying is connected to a power line +V through the constant current 

circuits 35 and 36. Each analog switch 37 is controlled by 2 o source 40. The source output of the transistor 39 is fed back 

frame signals Fl and F2 supplied from the external liquid to the differential amplifier 38. On the other hand, the second 

crystal controller, and supplies the pixel signals of the amplifying circuit 36 comprises a differential amplifier 41, 

opposite polarities obtained from the amplifying circuits 35 a P-channel transistor 42, and a constant current source 43. 

and 36 of the corresponding group, to the adjacent two data The drain of the transistor 42 is connected to a negative 

lines, alternatively. 25 P ower l me -V, a °d the source thereof is connected to a 

More specifically, the frame signal Fl is set to be in a high power line -V through the constant current source 43. The 

level for a preceding frame period of two continuous frame source output of the transistor 42 is fed back to the differ- 

periods, and to be in a low level for a following frame period ential amplifier 41. Regarding the labels such as "+V" and 

of the two frame periods. The frame signal F2 is set to be in "-V", the potential polarities are not determined directly 

a low level for the preceding frame period of the two 30 from the ground potential, and determined from a reference 

continuous frame periods, and to be in a high level for the potential depending on the center level between the power 

following frame period of the two frame periods. Each line potentials. Actually, the power line potentials are set to 

analog switch 37 comprises first to fourth switching ele- +V=10 V, -V~5 V, +V'«5 V, and -V'=0 V According to the 

ments 37A to 37D. The first switching element 37A is above-mentioned structure, the first amplifying circuit 35 

connected between one first amplifying circuit 35 and one 35 amplifies the pixel signal input from the input terminal INI 

odd-numbered data line. The second switching element 37B and outputs the pixel signal whose polarity is positive with 

is connected between one second amplifying circuit 36 and respect to the reference potential. The second amplifying 

the odd-numbered data line. The third switching element circuit 36 amplifies the pixel signal input from the input 

37C is connected between the second amplifying circuit 36 terminal IN2 and outputs the pixel signal whose polarity is 

and one even-numbered data line. The fourth switching 40 negative with respect to the reference potential, 

element 37 D is connected between the first amplifying The analog switch 37 comprises P-channel transistors 44, 

circuit 35 and the even-numbered data line. The switching 45 and N-channel transistors 46 and 47, which are formed as 

elements 37 A and 37C cause the amplifying circuits 35 and switching elements 37 A, 37D, 37B, and 37 C, respectively. 

36 to be electrically connected to the odd-numbered data The gate of the transistor 44 is connected to a terminal SW1 

line and the even-numbered data line when the frame signal 45 which receives an inverted signal (or F2) of the frame signal 

Fl is in a high level, and to be electrically disconnected from Fl. The gate of the transistor 45 is connected to a terminal 

the odd-numbered data line and the even-numbered data line SW2 which receives an inverted signal (or Fl) of the frame 

when the frame signal Fl is in a low level. The switching signal F2. The gate of the transistor 46 is connected to a 

elements 37B and 37D cause the amplifying circuits 36 and terminal SW3 which receives the frame signal F2. The gate 

35 to be electrically connected to the odd-number data line 50 of the transistor 47 is connected to a terminal SW4 which 

and the even-numbered data line when the frame signal F2 receives the frame signal F2. For the frame period in which 

is in a high level, and to be electrically disconnected from the frame signal Fl is set to be in a high level and the frame 

the odd-numbered data line and the even-numbered data line signal F2 is set to be in a low level, the P-channel transistor 

when the frame signal F2 is in a low level. To correctly 44 and the N-channel transistor 47 are turned on, and the 

assign pixel signals to the pixels arranged in rows, the 55 P-channel transistor 45 and the N-channel transistor 46 are 

external liquid crystal controller has a memory for storing turned off. At this time, the pixel signal from the first 

series items of pixel data to be supplied to the shift register amplifying circuit 35 is output to the odd-numbered data line 

circuit 33, and reverses the order of every two adjacent pixel through the output terminal SI. The output signal of the 

data items the preceding or following frame period. second amplifying circuit 36 is output to the even-numbered 

In the preceding frame period, pixel signals of the positive 60 data line through the output terminal S2. 

polarity are output from the m/2 first amplifying circuits 35 On the other hand, for the frame period in which the frame 

to the data lines XI, X3, X5 . . . , and pixel signals of the signal Fl is set to be in a low level and the frame signal F2 

negative polarity are output from the m/2 second amplifying is set to be a high level, the P-channel transistor 45 and the 

circuits 36 to the data lines X2, X4, X6, X8 . . . . In the N-channel transistor 46 are turned on, and the P-channel 

following frame period, pixel signals of the negative polarity 65 transistor 44 and the N-channel transistor 47 are turned off. 

are output from the second amplifying circuit 36 to the data At this time, the pixel signal from the first amplifying circuit 

lines XI, X3, X5, . . . , and pixel signals of the positive 35 is output to the even-numbered data line through the 
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output terminal S2. The output signal of the second ampli- start signal STH is supplied to registers 48 and 49 in a 

fying circuit 36 is output to the odd- numbered data line forward or opposite order through logic gates 50 to 55 

through the output terminal SI. controlled by the frame signals Fl and F2. 

According to the above-explained embodiment, the pixel p or tne preceding period in which the frame signal Fl is 

signals output from the first amplifying circuits 35 are 5 S et to be in a high level and the frame signal F2 is set to be 

always set to have the positive polarity. The pixel signals in a low leve] ^ lhe tes 50) 53j and 56 are d> and 

output from the first amplifying circuits 36 are always set to the AND tes 51 54 and 57 afe closed M a result> the 

have the negative polanty Due to mis the dynamic ranges horizontal start si al STH ^ su lied t0 the ister 48 

of the amplifying circuits35 and 36 can be determined based 50 and QR $2 ^ 

on the necessary liquid crystal drive voltage without con- -« . t AO • j* .1 1* j * 1 . L l j 

. ' ■ f .< 1 -* a I. 10 the register 48 is directly supplied to a latch 59 on one hand, 

sidenng the reversion of the voltage polarity. As a result, , b t . . A * *T . .v^ ^» . , ^ 

electrical power can be prevented from be wastefully con- and to the re S lster f 9 trough the AND gate 53 and the OR 

sumed by the amplifying circuits. Moreover, each D/A S ate 55 on the other hand. Thereby, the horizontal start 

converter 34 may generate a voltage in that one of the sl S nal STH ls transferred to the registers 48, 49, . . . in this 

positive and negative polarities which conform to the volt- order » in synchronism with the horizontal clock signal CPH. 

age polarity of the pixel signal output from the correspond- 15 Latches 59, 60, . . latch pixel data DATA on data buses 

ing amplifying circuit 35 or 36. As a result, the accuracy of Dl . . . Dn at liming when the horizontal start signal STH is 

the D/A conversion can be improved as reducing the power held and 0Ut P ul b Y the respective registers 48, 49, ... . Then, 

consumption. lne l atcned pixel data DATA are supplied to the correspond- 

The liquid crystal display of this embodiment may be in S D/A converters 34. 

constituted to perform an HV reverse drive in which the 20 For the following period in which the frame signal Fl is 

voltage polarities of the pixel signals to be applied to the set to be in a low level and the frame signal F2 is set to be 

data lines are additionally reversed every row. In this case, in a ni g n level > the AND gates 51, 54, and 57 are opened, and 

the analog switches 37 may be controlled by signals which tne AN D gates 50, 53, and 56 are closed. As a result, the 

are reversed every one horizontal scanning period, in place horizontal start signal STH is supplied to the register 49 

of the frame signals Fl and F2. In this driving form, the 25 through the AND gate 54 and the OR gate 55. The output of 

voltages applied to the liquid crystal pixels in adjacent rows the register 49 is directly supplied to the latch 60 on one 

and adjacent columns differ from each other. This increases hand > and to the register 48 through the AND gate 51 and the 

a spatial frequency, thereby further suppressing the image 0R g ate 52 on the other hand. Thereby, the horizontal start 

deterioration such as flickers and a line scroll. si S nal STH is transferred to the registers 49, 48, . . . in this 

Moreover, the transistors 44 to 47 shown in FIG. 2 may 30 order - In other words > as compared with the preceding frame 

be formed of CMOS transistors. The transistors included in P eriod > the 0Ut P ut order of the odd " and even-numbered 

the analog switch 37 and the amplifying circuits 35 and 36 registers is reversed. 

may be formed of thin film transistors (TFT), which are The operations of the D/A converters 34, the amplifying 

formed on the array substrate together with the thin film 3S circuits 35 and 36, and the switches 37 are the same as the 

transistors allocated to the respective pixel electrodes 11. case of the first embodiment. 

These thin film transistor may be formed of well-known According to the above-mentioned modification, the pixel 

staggered type TFTs. In this case, each thin film transistor is signals of the positive and negative polarities are correctly 

obtained by forming a polycrystalline silicon layer of a allocated to the pixels arranged in rows without reversing 

predetermined shape on the glass substrate, forming a sili- 4Q the order of pixel data items outside the display to perform 

con oxide film covering the entire surface of the polycrys- the polarity reverse drive. Therefore, the circuit required for 

talline silicon layer and serving as a gate insulating film, reversing the order of the pixel data items outside the display 

forming a gate electrode united with the gate line Yl, can be eliminated. 

Y2, . . . , or Yn on the gate insulating film, and forming a An active matrix liquid crystal display according to the 

source electrode united with data line XI, X2, . . . , or Xm 45 second embodiment of the present invention will be 

and a drain electrode of the same layer as the source described with reference to FIG. 4. The liquid crystal display 

electrode, on the gate electrode via an interlayer insulating has substantially the same structure as that of the display 

film. Moreover, the shift register circuit 33 may be obtained shown in FIG. 1 except for the data line driver 2. In FIG. 4, 

by combining well-known flip-flop circuits having TFT the portions common to the first embodiment are shown by 

elements formed on the array substrate together with the thin 5Q the same reference numerals, and the explanation is omitted, 

film transistors 12 allocated to the pixel electrodes 11. ^ daU Hne dHver 2 shown in FIG. 4 performs a 

In the case where the transistors have a common structure serial-parallel conversion on analog pixel signals supplied 

in the liquid crystal display, the required number of manu- f rom tnc external liquid crystal controller by use of sample- 

facturing steps is reduced. Therefore, it is possible to manu- hold circuits. In the data line driver 2, a shift register circuit 

facture the liquid crystal display with low cost. S5 63 has m registers connected in series such that the hori- 

Amodification of the data line driver shown in FIG. 1 will zontal start signal STH is shifted in synchronism with the 

be described with reference to FIG. 3: horizontal clock signal CPH. Register outputs Ql, Q2, 

In the first embodiment, the order of every adjacent two Q3, . . . Qm are connected to m sample-hold circuits 61 and 

pixel data items was reversed in the memory of the external 62 arranged to correspond to the data lines XI, X2, X3, . . 

liquid crystal controller to allocate the pixel signals to the so . Xm. These registers are connected to each other as shown 

pixels arranged in rows within the successive two frame in FIG. 3 such that the output order of the odd and even- 

periods. Regarding the modification shown in FIG. 3, the numbered registers is reversed. 

shift register circuit 33 is structured such that the order of the In FIG. 4, 61 denotes m/2 odd-numbered sample-hold 

pixel data items to be supplied to every adjacent two D/A circuits, and 62 denotes m/2 even-numbered sample-hold 

converters 34 is reversed every one frame period. 6 5 circuits. The sample-hold circuits 61 are connected to a 

FIG. 3 specifically shows that part of the data line driver video bus Vin+ which transmits an RGB analog video signal 

2 which drives the first and second data lines. The horizontal of the positive polarity, so as to sample-hold the analog 
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video signal in response to each horizontal start signal from between the output terminal SI and a reference power line 

the register output terminals Ql, Q3, Q5, . . . , Qm-1 and Vref, and a switching element 65 connected between the 

supply them to the odd-numbered amplifying circuits 35 as output terminal S2 and the reference power line Vref. The 

pixel signals. The sample-hold circuits 62 are connected to reference power line Vref is set to be a reference potential 

a video bus Vin- which transmits an RGB analog video 5 equa i t0 an intermediate level between the potential of the 

signal of the positive polarity, so as to sample-hold the pos i t ive power line +V and the potential of the negative 

analog video signal in response to each horizontal start er linc _ v In operation> aU switching elements 37A to 

signal from the register output terminals Q2, Q4, Q6 . . . 3?D afe d immediatel before lhc ixel si ls of the 

Qm and supply them to the even-numbered amplifying uive and ^ lafities are QU tQ ^ adjacem 

circuits .36 as pixel signals . The amplifying circuits 35 are * line s through the output terminals SI and S2. 

connected commonly to the positive power line +V to ~ . . & ■ . * i ,a . 

amplify the pixel signals from the odd-numbered sample- during this time the switching elements 64 and 65 are 

hold circuits 61 in the positive polarity. The second ampli- cl ^ d ' ^ switching elements 64 and 65 discharge electric 

fying circuits 36 are connected commonly to the negative char & es stored m thc Parasitic capacitances of the two data 

power line -V to amplify the pixel signals from the even- hncs ' and set the data lmes t0 be potentials equal to the 

numbered sample-hold circuits 62 in the negative polarity. In 15 reference voltage. Thereafter, when the pixel signals of the 

other words, the pixel signals from the adjacent two sample- positive and negative polarities are output from the first and 

hold circuits 61 and 62 are amplified by the amplifying second amplifying circuits 35 and 36, these data lines are 

circuits 35 and 36 in the opposite polarities. The m/2 analog charged from the reference potential to potentials corre- 

switches 37 are, connected to m/2 groups of amplifying sponding to the pixel signals. 

circuits 35 and 36. Each analog switches 37 are controlled 20 According to the above-mentioned structure, the ampli- 

by the external liquid crystal controller in the same manner f ying circuits 35 and 36 can perform charging of each data 

as that of the first embodiment, so as to supply the pixel line ^ a reduced dr i ving abilil „ 7^ is> an excellent 

signals of the opposite polarities obtained from the ampli- operation reliability can be obtained without making the 

fying circuits 35 and 36 of the corresponding group to the stmcture of a lif m circilils 35 and 36 complicat ed in 

adjacent two data lines alternatively. 25 consideration of me withstanding voltage , Regarding the 

According to the above-mentioned structure for the circuk othef than ^ anal switcheg 3? [{ can be formed 

frame penod in which the frame signal Fl is set to be in a • ciimo QO ; flwt omK ^.\™, ^ t u» ,k.v^ 

,. , , r . j * /» ™ . , ^ * • , , . in the same structure as the nrst embodiment or the third 

high level and the frame F2 is set to be in a low level, the , 

horizontal start signal STH is output from the shift register embodiment 

circuit 63 in the order of Ql, Q2, Q3, . . . , Qm, so as to ; The-second modification of the data line driver 2 shown 
enable the sample-hold operation. As a result, the sample- Jiaj5Qi-4jvill.be explained_with reference to FK}. 6. 
hold circuits 61 and 62 sample-hold the video signals on the ' , In this modification, each analog switch 37 is structured > 
video buses Vin+ and Vin- in their order. Since the opera- ; to further comprise a switching element 70 connected- 
tions of the analog switches 37 are the same as those in the between the output terminals SI and S2. Similar to the first 
first embodiment, the pixel signals of the positive polarity 35 embodiment, the data line driver 2 performs the polarity 
are supplied to the odd -numbered data lines XI, X3, X5, ... reversion of the liquid crystal signal voltage by causing the 
through the amplifying circuits 35, and the voltages of the outputs of the first and second amplifying circuits 35 and 36 
negative polarity are supplied to the even-numbered data to be exchanged. More specifically, all the switching de- 
fines X2, X4, X6, . . . through the amplifying circuits 36. ments 37A to 37 D are opened immediately before the pixel 

For the frame period in which the frame signal Fl is set ^ signals of the positive and negative polarities are output to 

to be in a low level and the frame F3 is set to be in a high the adjacent two data lines through the output terminals SI 

level, the horizontal start signal STH is output from the shift and S2. During this time, the switching element 70 is closed, 

register circuit in the order of Q2, Ql, Q4, Q3, . . . , so as The switching element 70 discharges electric charges stored ; 

to enable the sample-hold operation. As a result, the opera- in the parasitic capacitances of the two data lines, and set the 

tion order of the sample-hold circuits 61 and 62 correspond- 45 data lines to be the same, potentials, which are substantially 

ing to the adjacent two data lines in this frame period is equal to the reference voltage Vref. Thereafter, when the 

opposite to the preceding frame period. Since the operations pixel signals of the positive and negative polarities are 

of the analog switches 37 are the same as those in the first output from the first and second amplifying circuits 35 and 

embodiment, the voltages of the negative polarity are sup- 36, these data lines are charged from the reference potential 

plied to the odd-numbered data lines XI, X3, X5, . . . 50 to potentials corresponding to the pixel signals, 

through the amplifying circuits 35, and the voltages of the According to the above-mentioned structure, the ampli- 

positive polarity are supplied to the even-numbered data fying circuits 35 and 36 can perform charging of each data 

lines X2, X4, X6, . . . through the amplifying circuits 36. line with a reduced driving ability. That is, an excellent 

According to the above-mentioned embodiment, the pixel operation reliability can be obtained without making the 

signals output from the first amplifying circuits 35 are 55 structure of amplifying circuits 35 and 36 complicated in 

always set to have the positive polarity, and the pixel signals consideration of the withstanding voltage. Moreover, since 

output from the second amplifying circuits 36 are always set a potential difference can be canceled by the charges moving 

to have the negative polarity. Due to this, the dynamic ranges from one of the adjacent data lines to the other, power 

of the amplifying circuits 35 and 36 can be determined based consumption can be reduced. 

on the necessary liquid crystal drive voltage without con- 60 The third modification of the data line driver 2- shown in 
sidering the reversion of the voltage polarity. As a result, FIG. 4 will be explained with reference to FIG. 7. 
electrical power can be prevented from be wastefully con- t d ln i s modification, the switches 35 shown in FIG. 4 are 
sumed by the amplifying circuits. eliminated. Instead, each of m sample-hold circuits 61 and 
The first modification of the data line driver 2 shown in 62 is connected to both video buses Vin+ and Vin-. The 
FIG. 4 will be explained with reference to FIG. 5. 6 5 sample-hold circuit 61 has a P-channel transistor 77 con- 
In this modification, each analog switch 37 is structured nected between the video bus Vin+ and the output terminal 
to further comprise a switching element 64 connected SI, and an N-channel transistor 78 connected between the 
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video bus Vin- and the output terminal SI. The sample-hold 
circuit 62 has a P-channel transistor 79 connected between 
the video bus Vin- and the output terminal S2, and an 
N-channel transistor 80 connected between the video bus 
Vin- and the output terminal S2. In FIG. 7, 81 and 82 denote 5 
parasitic capacitances of the data lines which are respec- 
tively connected to the output terminals SI and S2 and serve 
to hold the voltages of the pixel signals output from the 
output terminals SI and S2. 

The video line Vin+ is driven by a D/A converter 101, and 10 
the video line Vin- is driven by a D/A converter 102. These 
D/A converters 101 and 102 are provided outside the array 
substrate and formed to have the same structure. 

The gate of the P-channel transistor 77 is connected to the 
output terminal of an OR gate 73, and the gate of the 15 
N-channel transistor 78 is connected to the output terminal 
of an AND gate 74. The gate of the P-channel transistor 79 
is connected to the output terminal of a NAND gate 75, and 
the gate of the N-channel transistor 80 is connected to the 
output terminal of a NOR gate 76. 20 

The OR gale 73, AND gate 74, NAND gate 75, and NOR 
gate 76 are connected to receive a switching signal SW. The 
AND gate 74 is connected to the output terminal of a register 
71, and the NAND gate 75 is connected to the output 
terminal of a register 72. The OR gate 73 is connected to the 25 
output terminal of the register 72 through an inverter 83, the 
NOR gate 76 is connected to the output terminal of the 
register 72 through an inverter 84. The registers 71 and 72 
are connected in series with each other so as to constitute the 
shift register circuit for sequentially shifting the horizontal 
start signal STH in synchronism with the horizontal clock 
CPH. 

The above-structured data line driver 2 operates as fol- 
lows: 3S 

If the switching signal SW is in a low level, the OR gate 
73 is set to a state that the signal is passed therethrough, the 
output of the AND gate 74 is in a low level, the output of the 
NAND gate 75 is in a high level, and the NOR gate 76 is set 
to a state that the signal is reversed and passed therethrough. 40 
Therefore, the P-channel transistor 77 is set to be in a 
conductive state by the output of the register 71, and the 
N-channel transistor 78 and the P-channel transistor 79 are 
turned off. The N-channel transistor 80 is set to be in a 
conductive state by the output of the register 71. As a result, 45 
the video signal Vin+ of the positive polarity is output to the 
output terminal SI based on the output of the register 71. 
The video signal Vin- of the negative polarity is output to 
the output terminal S2 based on the output of the register 72. 

If the switching signal SW is in a high level, the OR gate 50 
73 is in a high level, the AND gate 74 is set to a state that 
the signal is passed therethrough, the output of the NAND 
gate 75 is set to a state that the signal is reversed and passed 
therethrough, and the output of the NOR gate 76 is in a low 
level. Therefore, the P-channel transistor 77 is turned off, 55 
and the N-channel transistor 78 is set to be in a conductive 
state by the output of the register 71. The P-channel tran- 
sistor 79 is set to be in a conductive state by the output of 
the register 72, and the N-channel transistor 80 is turned off. 
As a result, the video signal Vin- of the negative polarity is eo 
output lo the output terminal SI based on the output of the 
register 71. The video signal Vin+ of the positive polarity is 
output to the output terminal S2 based on the output of the 
register 72. 

Accordingly, the video signal Vin+ of the positive polarity 65 
and the video signal Vin- of the negative polarity are 
alternatively output to the output terminals SI and S2 in 
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accordance with the change of the switching signal SW. 
Thereby, the liquid crystal pixels are driven by the voltages 
whose polarity is periodically reversed. 

In this. case, the respective logic gates 73 to 76, 83, 84, and 
the respective switching elements 77 to 78 may be formed 
of the well-known TFT structure. Moreover, the registers 71 
and 72 may be formed of TFT elements combined to serve 
as a well-known flip-flop circuit. In this case, similar to the 
first embodiment, the manufacturing cost of the liquid 
crystal display can be reduced by commonly forming these 
transistor elements together with the thin film transistors for 
the pixel electrodes, in the same step. 

FIG. 8 shows the D/A converters 101 and 102 along with 
their peripheral circuits, in detail. The D/A converters 101 
and 102 are of a voltage selection type. Specifically, each of 
the D/A converters 101 and 102 are connected to commonly 
receive pixel data DATA output from an external liquid 
crystal controller 104, and has a set of analog switches SW1 
to SWn to be switched on the basis of the pixel data. The 
analog switches SW1 to SWn combines voltages generated 
from y correction circuit 103 and supplied through analog 
signal lines 110 to output an analog pixel signal of a voltage 
level corresponding to pixel data DATA to the video bus 
Vin+ or Vin-. 

As shown in FIG. 8, the D/A converter 101 is formed to 
operate under a voltage between the power lines which are 
respectively set to 3 V and 4 V. The D/A converter 102 is 
formed to operate under a voltage between the power lines 
which are respectively set to 1 V and 2 V. In this case, the 
threshold voltage of the analog switches SW1 to SWn of the 
D/A converter 101 differs from those of the D/A converter 
102. Therefore, capacitors Cq are inserted between the 
liquid crystal controller 104 and the D/A converter 101 to 
attain capacitive couplings therebetween. Then, a bias volt- 
age is applied to one end of each of capacitors Cq. The bias 
voltage is regulated such that the voltage level of input pixel 
data matches the threshold level of the analog switches S Wl 
to SWn. Therefore, the D/A converters 101 and 102 of the 
same structure can operate under different operation volt- 
ages. In this modification, the bias voltage is applied to the 
capacitors Cq. However, dummy data for charging the 
capacitors Cq may be input toward the capacitors Cq before 
inputting pixel data. Thereby, the voltage level of data can 
be adjusted without applying a special bias voltage. 

Moreover, the y correction circuit 103 comprises resisters 
R1+ to Rn+ and Rl- to Rn- connected in series. Since an 
optical response of the liquid crystal material slightly differs 
depending on the positive and negative voltages, y correc- 
tion must be made in each of the drive voltage of the positive 
polarity and the drive voltage of the negative polarity. Due 
to this, a potential terminal VM which is connected to a 
central point between the series circuit of resistors R1+ to Rn 
for the 7 correction lo the voltage of the positive polarity and 
the series circuit of resistors Rl- to Rn- for the y correction 
to the voltage of the negative polarity, and the potential of 
the potential terminal is controlled, so as to determine the 
voltages across the circuit of the resistors R1+ to Rn+ and 
the circuit of the resistors Rl- to Rn-. 

The fourth modification of the data line driver 2 shown in 
FIG. 7 and serving as a color display will be explained with 
reference to FIG. 9. 

In this modification, analog pixel signals of Rl (Red), Gl 
(Green), Bl (Blue), R2 (Red), G2 (Green), B2 (Blue), ... are 
sequentially output to data lines XI, X2, X3, X4, X5, X6, . . . 
P-channel TFTs 77 and 79 for driving the data lines XI, X2, 
X5, X6 are connected commonly to an output video line V1+ 
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of the D/A converter 101. N-channel TFTs 78 and 80 for 
driving the data lines XI, X2, X5, X6 are connected com- 
monly to an output video line VI- of the D/A converter 102. 
P-channel TFTs 77 and 79 for driving the data lines X3, X4 
are connected commonly to an output video line V2+ of the 5 
D/A converter 101. N-channel TFTs 78 and 80 for driving 
the data lines X3, X4 are connected commonly to an output 
video line V2- of the D/A converter 102. The gates of the 
P-channels 77 and 79 and N-channel TFTs for driving the 
data lines XI to X4 are connected to the common register 71 1Q 
through logic circuits 73 to 76. Regarding the data line 7 and 
the following data lines, they are arranged such that the 
above-mentioned structure is periodically repeated, and each 
group of TFTs for driving four data lines commonly receives 
an output signal from the corresponding register. 15 

The operation of the data line driver 2 will be explained. 
For example, in the case of data lines XI, X2, similar to the 
modification shown in FIG. 6, an enable signal is input to the 
P-channel TFT 77 for driving the data line XI and the 
N-channel TFT 80 for driving the data line X2 at common 2 n 
timing by the logic gates 73 and 76. Therefore, the signal 
voltage on the video line V1+ is supplied to the data line XI 
through the P-channel TFT 77. At the same time, the signal 
voltage on the video line VI- is supplied to the data line X2 
through the P-channel TFT 80. Moreover, an enable signal ^ 
is input to the P-channel TFT 77 for driving the data line X3 
and the N-channel TFT 80 for driving the data line X2 at 
common timing. Therefore, the signal voltage on the video 
line V2+ is supplied to the data line X3 through the 
P-channel TFT 77. At the same time, the signal voltage on 30 
the video line V2- is supplied to the data line X4 through the 
P-channel TFT 80. 

FIG. 10 shows pixel data streams to be supplied to the two 
D/A converters 101 and 102 from the liquid crystal control- 
ler shown in FIG. 9. 35 

For an i-th frame period, the data stream of pixel data Rl 
for data line XI, pixel data G2 for data line; X5, . . . is input 
to the D/A converter 101 to drive the video line VI +. The 
data stream of pixel data Gl, B2, . . . is input to the D/A 
converter 102 to drive the video line VI- . The data stream 40 
of pixel data Bl, R3, . . . is input to the D/A converter 101 
to drive the video line V2+. Moreover, the data stream of 
pixel data R2, G3, . . . is input to the D/A converter 102 to 
drive the video line V2-. The D/A converter 101 converts 
each of pixel data Rl, G2, . . . to an analog pixel signal of 45 
the positive polarity to be supplied to the video line VI +, and 
also converts each of pixel data Bl, R3, ... to an analog 
pixel signal of the positive polarity to be supplied to the 
video line V2+. On the other hand, the D/A converter 102 
converts each of pixel data Gl, B2, ... to an analog pixel 50 
signal of the negative polarity to be supplied to they video 
line V1-, and also converts each of pixel data R2, G3, . . . 
to an analog pixel signal of the negative polarity to be 
supplied to the video line V2-. 

For a next (i+l)-th frame period, the data stream of pixel 55 
data Gl for data line X2, pixel data B2 for data line X6, . . . 
is input to the D/A converter 101 to drive the video line V1+. 
The data stream of pixel data Rl, G2, ... is input to the D/A 
converter 102 to drive the video line V1-. The data stream 
of pixel data R2, G3, . . . is input to the D/A converter 101 60 
to drive the video line V2+. Moreover, the data stream of 
pixel data Bl, R3, . . . is input to the D/A converter 102 to 
drive the video line V2-. The D/A converter 101 converts 
each of pixel data Gl, B2, ... to an analog pixel signal of 
the positive polarity to be supplied to the video line VI +, and 65 
also converts each of pixel data R2, G3 . . . to an analog pixel 
signal of the positive polarity to be supplied to the video line 
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V2+. On the other hand, the D/A converter 102 converts 
each of pixel data Rl, G2, ... to an analog pixel signal of 
the negative polarity to be supplied to the video line V1-, 
and also converts each of pixel data Bl, R3 ... to an analog 
pixel signal of the negative polarity to be supplied to the 
video line V2-. 

According to the above modification, the video line Vin+ 
for transmitting the voltage of the analog pixel signal of the 
positive polarity and the video line Vin- for transmitting the 
voltage of the analog pixel signal of the negative polarity is 
separated from each other. As a result, electrical power 
consumed by the parasitic capacitances of the video lines 
Vin+ and Vin- can be reduced. Also, the video signal band 
width can be expanded. Moreover, the pixel signals of 
different colors such as R (Red), G (Green) can be trans- 
mitted through a common video line. Therefore, the number 
of the video lines can be decreased to reduce the circuitry 
size. 

I claim: 

1. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 
a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 
signals serially supplied for the liquid crystal pixels 
of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to 
said signal lines, for converting digital pixel signals 
output in parallel from said signal distribution con- 
troller into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converters, and 
a switch section for outputting the pixel signals 
obtained from the amplifying section to the signal 
lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals 
obtained from adjacent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected to a first power 
source to amplify the pixel signal in a positive polarity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 
signal lines which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; 

each switch circuit includes a first switching element 
connected between said first amplifying circuit and one 
of said adjacent two signal lines, a second switching 
element connected between said first amplifying circuit 
and the other one of said adjacent two signal lines, a 
third switching element connected between said second 
amplifying circuit and the one of said adjacent two 
signal lines, and a fourth switching element connected 
between said second amplifying circuit and the other 
one of said adjacent two signal lines; 
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a pair of first and fourth switching elements and a pair of 
said second and third switching elements are controlled 
to alternately turn on in predetermined cycles by a 
control signal supplied externally; 

said first and second switching elements are constituted 5 
by transistors of a first conductivity type; and 

said third and fourth switching elements are constituted 
by transistors of a second conductivity type. 

2. A liquid crystal display according to claim 1, wherein 
said signal distribution controller includes signal order 10 
reversing means for reversing the order of every two 
serially -supplied digital pixel signals to cope with the 
exchange operations of said switch circuits. 

3. A liquid crystal display according to claim 1, wherein 
components of said signal line driver are formed together 15 
with said driving transistors on an array substrate. 

4. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 20 
a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 25 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 

signals serially supplied for the liquid crystal pixels 

of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to 30 

said signal lines, for converting digital pixel signals 

output in parallel from said signal distribution 

controller, into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converter; and 35 
a switch section for outputting the pixel signals 

obtained from the amplifying section to the signal 

lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals 40 
obtained from adj acent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected to a first power 
source to amplify the pixel signal in a positive polarity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 5Q 
signal lines which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; and 

said signal distribution controller includes a plurality of 
latch circuits arranged to correspond to said D/A 5S 
converters, each for latching a corresponding one of the 
serially -supplied digital pixel signals, and a shift reg- 
ister circuit for sequentially enabling said latch circuits; 
and 

said shift register circuit includes latch order reversing 60 
means for reversing the latch order of every two latch 
circuits to cope with the operations of said switch 
circuits. 

5. A liquid crystal display comprising: 

a matrix array of liquid crystal pixels; es 
a plurality of signal lines formed along columns of the 
liquid crystal pixels; 



a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixel of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a signal distribution controller for causing digital pixel 

signals serially supplied for the liquid crystal pixels 

of the selected row to be output in parallel, 
a plurality of D/A converters arranged to correspond to 

said signal lines, for converting digital pixel signals 

output in parallel from said signal distribution 

controller, into analog pixel signals, 
an amplifying section for amplifying the pixel signals 

obtained from the D/A converters, and 
a switch section for outputting the pixel signals 

obtained from the amplifying section to the signal 

lines; 

said amplifying section includes groups of first and sec- 
ond amplifying circuits for amplifying the pixel signals 
obtained from adjacent two of said D/A converters in 
different polarities; 

said first amplifying circuit is connected lo a first power 
sources to amplify the pixel signal in a positive polar- 
ity; 

said second amplifying circuit is connected to a second 
power source to amplify the pixel signal in a negative 
polarity; 

said switch section includes a plurality of switch circuits 
each for periodically exchanging adjacent two of said 
signal lines which receive the pixel signals obtained 
from said first and second amplifying circuits of a 
corresponding group; and 

each switch circuit includes a canceling section for can- 
celing a difference between the potentials of said adja- 
cent two signal lines prior to outputting the pixel 
signals from said first and second amplifying circuits. 

6. A liquid crystal display according to claim 5, wherein 
said canceling section includes a pair of switching elements 
each connected between a corresponding one of the adjacent 
two signal lines and a reference potential terminal set to an 
intermediate level for potential reversion. 

7. A liquid crystal display according to claim 5, wherein 
said canceling section includes a switching element con- 
nected between said adjacent two signal lines. 

8. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 
crystal pixels, for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signal 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even colurnns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 
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a timing control circuit for sequentially enabling the 

operations of said sample-hold unit; 
each sample -hold unit includes a first switch circuit for 
causing the first and second video buses to be 
respectively connected to one of the adjacent two 5 
signal lines and the other one of the adjacent two 
signal lines, and a second switch circuit for causing 
the first and second video buses to be respectively 
connected to the other one of the adjacent two signal 
lines and the one of the adjacent two signal lines; 10 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
each sample -hold unit includes first and second switching 
elements serving as said first switch circuit, and third 15 
and fourth switching elements serving as said second 
switch circuit, said first switching element being con- 
nected between said first video bus and one of said 
adjacent two signal lines, said second switching ele- 
ment being connected between said second video bus 20 
and the other one of said adjacent two signal lines, said 
third switching element being connected between said 
first video bus and one of said adjacent two signal lines, 
and said fourth switching element being connected 
between said second video bus and the other one of said 25 
adjacent two signal lines; 
said first and third switching elements are constituted by 
transistors of a first conductivity type, and said second 
and fourth switching elements are constituted by tran- 
sistors of a second conductivity type. 

9. A liquid crystal display according to claim 8, wherein 
said liquid crystal pixels are arranged in a predetermined 
color order, said first and second video buses transmit color 
pixel signals set to have an order corresponding to the color 
order of the liquid crystal pixels in a selected row as the 
analog pixel signals of a positive polarity and the analog 
pixel signals of a negative polarity. 

10. A liquid crystal display according to claim 8, wherein 
said signal line driver further includes a first D/A converter 
for converting digital pixel signal into the analog pixel 
signals of a positive polarity to drive said first video bus, and 
a second D/A converter for converting the digital pixel 
signals into the analog pixel signals of a negative polarity to 
drive said second video bus. 

11. A liquid crystal display according to claim 10, wherein 
said first and second D/A converters have the same structure 
except that the first and second D/A converters are con- 
nected to different power sources to obtain the analog pixel 
signals of the positive and negative polarities. 

12. A liquid crystal display comprising: 50 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 55 
crystal pixels, for causing said signal lines to be con- 
nected electrically to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 60 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 65 
the other one of the odd and even columns in the 
selected row, 
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a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signal transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabling the 
operations of said sample-hold units; 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second 
video buses to be respectively connected to the other 
one of the adjacent two signal lines and the one of the 
adjacent two signal lines; 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
said signal line driver further include a first D/A converter 
for converting digital pixel signals into the analog pixel 
signals of a positive polarity to drive said first video 
bus, and a second D/A converter for converting the 
digital pixel signals into the analog pixel signals of a 
negative polarity to drive said second video bus; 
said first and second D/A converters have the same 
structure except that the first and second D/A convert- 
ers are connected to different power sources to obtain 
the analog pixel signals of the positive and negative 
polarities; and 
one of said first and second D/A converters is formed to 
receive the digital pixel signals through capacitive 
means. 

13, A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 
a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 
crystal pixels for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 

a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabling the 

operations of said sample -hold units; 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be 
respectively connected to one of the adjacent two 
signal lines and the other one of the adjacent two 
signal lines and a second switch circuit for causing 
the first and second video buses to be respectively 
connected to the other one of the adjacent two signal 
lines and the one of the adjacent two signal lines; 
said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample-hold unit; 
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said signal line driver further includes a first D/A con- 
verter for converting digital pixel signals into the 
analog pixel signals of a positive polarity to drive said 
first video bus, and a second D/A converter for con- 
verting the digital pixel signals into the analog pixel 5 
signals of a negative polarity to drive said second video 
bus; and 

said signal line driver includes first y correcting means for 
correcting a y characteristic of said first D/A converter 
and second y correcting means for correcting a y 30 
characteristic of said second D/A converter. 

14. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels, 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 

crystal pixels for causing said signal lines to electrically 

connected to the liquid crystal pixels of a selected row; 

and 20 
a signal line driver for driving said signal lines, wherein 

said signal line driver includes: 

a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 25 

a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample -hold units each assigned to cor- 30 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabling the 
operations of said sample-hold units; 35 
each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second 40 
video buses to be respectively connected to the other 
one of the adjacent two signal lines and the one of the 
adjacent two signal lines; 
said timing control circuit includes changing means for 
periodically switching between the first and second 45 
switch circuits of each sample-hold unit; and 
said sample-hold unit includes a canceling section for 
canceling a difference between the potentials of said 
adjacent two signal lines prior to outputting of the pixel 5Q 
signals. 

15. A liquid crystal display according to claim 14, wherein 
said canceling section includes a pair of switching elements 
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each connected between a corresponding one of the adjacent 
two signal lines and a reference potential terminal set to an 
intermediate level for potential reversion. 

16. A liquid crystal display according to claim 14, wherein 
said canceling section includes a switching element con- 
nected between said adjacent two signal lines. 

17. A liquid crystal display comprising: 
a matrix array of liquid crystal pixels; 

a plurality of signal lines formed along columns of the 

liquid crystal pixels; 
a plurality of driving transistors assigned to said liquid 
crystal pixels for causing said signal lines to be elec- 
trically connected to the liquid crystal pixels of a 
selected row; and 
a signal line driver for driving said signal lines, wherein 
said signal line driver includes: 
a first video bus for transmitting analog pixel signals of 
a positive polarity for the liquid crystal pixels of one 
of odd and even columns in a selected row, 
a second video bus for transmitting analog pixel signals 
of a negative polarity for the liquid crystal pixels of 
the other one of the odd and even columns in the 
selected row, 

a plurality of sample-hold units each assigned to cor- 
responding adjacent two of said signal lines to simul- 
taneously sample-hold the pixel signals transmitted 
through said first and second video buses, and 
a timing control circuit for sequentially enabling the 
operations of said sample-hold units; 

each sample-hold unit includes a first switch circuit for 
causing the first and second video buses to be respec- 
tively connected to one of the adjacent two signal lines 
and the other one of the adjacent two signal lines, and 
a second switch circuit for causing the first and second 
video buses to be respectively connected to the other 
one of the adjacent two signal lines and the one of the 
adjacent two signal lines; 

said timing control circuit includes changing means for 
periodically switching between the first and second 
switch circuits of each sample- hold unit; 

a preset number of bus groups each constituted by said 
first and second video buses are provided; 

said sample-hold units are divided into blocks each con- 
stituted by the preset number of adjacent sample-hold 
units for sample-holding the pixel signals transmitted 
by the first and second video buses of different bus 
groups; and 

said timing control circuit is arranged to sequentially 
enable the operations of said blocks. 

***** 
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DRIVING CIRCUIT OF ELECTRO-OPTICAL 
DEVICE, DRIVING METHOD FOR 
ELECTRO-OPTICAL DEVICE, AND 
ELECTRO-OPTICAL DEVICE AND 
ELECTRONIC EQUIPMENT EMPLOYING 
THE ELECTRO-OPTICAL DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a technical field of a 
driving circuit and a driving method for driving an electro- 
optical device such as a liquid crystal device, the electro- 
optical device, and electronic equipment employing the 
electro -optical device and, more particularly, to a driving 
circuit and a driving method of an electro-optical device that 
receives a digital image signal and has a DA (Digital to 
Analog) converting function and a y correcting function for 
an electro-optical device, the electro -optical device, and 
electronic equipment using the electro-optical device. 

2. Description of Related Art 

Hitherto, as a driving circuit for driving a liquid crystal 
device, which is an example of one type of electro -optical 
device, there is available, for example, a so-called digital 
driving circuit configured to receive digital image data 
indicating an arbitrary step of gray scale among a plurality 
of steps of gray scale, generate analog image data having a 
driving voltage corresponding to the step of gray scale, and 
supply the generated analog image data to a signal line of the 
liquid crystal device. Such a driving circuit is usually 
provided with a digital-to-analog converter (hereinafter 
referred to as "DA converter" or "DAC as necessary) for 
converting digital image data to analog image data; it is 
configured to latch the digital image data, which has been 
input via a digital interface, by a latching circuit, then 
subject it to analog conversion through a switched capacitor 
type DA converter (hereinafter referred to as "SC-DAC" 
(Switched Capacitor — DAC: switch control capacity type 
DAC) as necessary), a DAC composed of a resistance ladder 
circuit or the like. 

In a liquid crystal device or the like, the changes in optical 
characteristics (transmittance, optical density, luminance or 
the like) with respect to the changes in the driving voltage 
(or a voltage applied to the liquid crystal) are generally 
nonlinear according to the saturation characteristic or thresh- 
old value characteristic that the liquid crystal or the like has 
and they exhibit a so-called "y characteristic." Hence, this 
type of driving circuit is normally provided with y correcting 
means for making a correction on digital image data in a 
stage preceding the latching circuit. 

The y correcting means, for example, carries out y cor- 
rection on 6-bit digital image data D^ by referring to a table 
stored in RAM or ROM so as to convert it into 8-bit digital 
image data D B (Dyl, Dy2, . . . , Dy8). The processing by the 
y correcting means is implemented, considering the input/ 
output characteristics of the DAC and the characteristic of 
the transmittance of liquid crystal pixels with respect to the 
voltage applied to a signal line (characteristics of transmit- 
tance vs. the voltage applied to liquid crystal). The trans- 
mittance characteristic of the liquid crystal pixels refers to 
the characteristic of changes in the transmittance of light 
obtained by transmitting through a liquid crystal layer with 
respect to the voltage applied to the liquid crystal layer held 
between a pair of substrates (transmitting through polarizer 
if they are disposed outside the substrates as necessary). 

On the other hand, the aforesaid SC-DAC is constituted 
by a plurality of capacitive elements disposed in parallel. 
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The respective capacitive elements have binary ratios of, for 
example, 2°C, 2C, 2 2 C, 2 4 C and so on. Using these capaci- 
tive elements, a pair of reference voltages are subjected to 
voltage division or the like (charge share) thereby to output 

5 analog image data having a driving voltage that changes 
according to the changes in the gray scale of image data D^, 
The DAC such as the SC-DAC configured as described 
above is connected to a signal line of a liquid crystal device 
or the like; a buffer circuit or the like is provided between the 

10 output terminal of the DAC and the signal line so as to 
protect the output voltage from the influences of the parasitic 
capacitance of the signal line. 

As set forth above, the driving circuit causes a voltage 
corresponding to the digital image data D^ to be applied to 

15 the respective signal lines of a liquid crystal device or the 
like. 

Graph (A) on the left in FIG. 21 shows the relationship 
between the decimal values of image data D A and output 
voltage Vc of the DAC; graph (B) on the right in FIG. 21 

20 shows the relationship between transmittance S LF of liquid 
crystal pixels and voltage V LP applied to the signal line (the 
axis of the transmittance is based on the logarithm). At the 
center in FIG. 21, the binary values of 8-bit digital image 
data D^ are given between the two graphs (A) and (B). 

25 In graph (B) on the right in FIG. 21, 2 6 pieces of 8-bit data 
capable of distinguishably representing the transmittance 
characteristic of the liquid crystal pixels are selected among 
2 8 pieces of 8 -bit data obtained from the 8-bit input data to 
make the y correction and the selected pieces of data are 

30 tabulated. And when 6 -bit image data D^ is input, the y 
correcting means converts it into 8-bit data D B according to 
the table and outputs it to the DAC. More specifically, image 
data D^ is represented in 64-step gray scale; therefore, the 
foregoing conversion is carried out so that the data D A for 64 

35 steps of gray scale may be specified among the 256 steps of 
gray scale that can be represented by image data D^ in order 
to provide even changing ratio of the transmittance in the 
liquid crystal when image data D^ expressed in the 64-step 
gray scale is changed. 

40 Thus, FIG. 21 illustrates the correspondence relationship 
between the 6-bit image data D^ and the 8-bit image data D B 
and output voltage Vc (equivalent to V iP ) of the DAC. 

SUMMARY OF THE INVENTION 

45 The foregoing conventional driving circuit, however, 
requires y correcting means and RAM or ROM or the like for 
storing the conversion table for the y correction which are 
provided in the stage preceding the latching circuit in order 
to make y correction. These components, therefore, provide 

50 obstacles in an attempt to reduce the size of the driving 
circuit. It would be possible to make up the DAC by using 
many amplifiers so as to provide it with the y correcting 
function without using the aforesaid SC-DAC. This, 
however, would pose such a problem as a more complicated 

55 circuit. In addition, forming operational amplifiers on a glass 
substrate tends to cause more variations in operating char- 
acteristics to occur. 

Accordingly, it is an object of the present invention to 
provide a driving circuit of an electro-optical device that is 

eo compatible with digital image signals and has a relatively 
simple and small-scale circuit configuration to provide a DA 
converting function and a y correcting function (or an 
auxiliary function for making a y correction), the electro - 
optical device, and electronic equipment employing the 

65 electro-optical device. 

To this end, according to one aspect of the present 
invention, there is provided a driving circuit of an electro- 
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optical device that supplies an analog image signal, which According to the driving circuit and driving method of an 
has a driving voltage corresponding to an arbitrary step of electro-optical device, the N-bit digital image signal mdi- 
gray scale among 2" (where N is a natural number) steps of eating an arbitrary step of gray scale is supplied first via an 
gray scale, to a signal line of an electro-optical device in input interface. Then, if the supplied digital image signal 
which the changes in the optical characteristics with respect 5 indicates a step of gray scale from the first to the m-lth, a 
to the changes in the driving voltage are nonlinear; the voltage within the range of the pair of first reference voltages 
driving circuit of the electro -optical device being provided is selectively generated according to the bit value of the 
with: an input interface to which an N-bit digital image digital image signal by the digital-to-analog converter so as 
signal indicative of the arbitrary step of gray scale is applied; to produce the driving voltage that lies within the first 
and a digital-to-analog converter that generates a voltage 10 driving voltage range. On the other hand, if the digital image 
within a range of a pair of first reference voltages according signal indicates a step of gray scale from the m-th to the 
to the bit value of the foregoing digital image signal to 2*-th, then a voltage within the range of the pair of the 
produce the driving voltage within a first driving voltage second reference voltages is selectively generated according 
range corresponding to the step of gray scale of the digital to the bit value of the digital image signal by the digital-to- 
image signal so that the changes in the driving voltage with 15 analog converter so as to produce the driving voltage that 
respect to the changes in the step of gray scale of the digital lies within the second driving voltage range. And the analog 
image signal are nonlinear if the applied digital image signal image signal having the driving voltage thus generated is 
indicates a step of gray scale from a first to m-lth (where supplied to the signal line to drive the electro-optical device, 
"m" is a natural number and l<m^2"), and generates a At this time, the changes in the optical characteristics with 
voltage within a range of a pair of second reference voltages 20 respect to the changes in the driving voltage in the electro- 
according to the bit value of the foregoing digital image optical device are nonlinear, and the changes in the driving 
signal to produce the driving voltage that corresponds to the voltage with respect to the changes in the gray scale of the 
step of gray scale of the digital image signal and also lies digital image signal in the digital-to-analog converter are 
within a second driving voltage range adjacent to the first also nonlinear. 

driving voltage range so that the changes in the driving 25 In general, the changes in the driving voltage (output) in 
voltage with respect to the changes in the gray scale of the response to the step of gray scale (input) in the digital-to- 
digital image signal are nonlinear if the digital image signal analog converter that divides the reference voltages become 
indicates a step of gray scale from an m-th to 2*-th gray almost linear if the step of gray scale is low, whereas they 
scale and supplies the analog image signal having the tend to be saturated and exhibit, for example, asymptote-like 
generated driving voltage to the signal line. 30 nonlinearity as the step of gray scale becomes higher 
According to another aspect of the present invention, because of the parasitic capacitance of the signal line on the 
there is provided a driving method of an electronical output side. On the other hand there are cases ^where he 
device having a digitai-to -analog converter that supplies an changes ,„ the optical charactenstics output) with respect to 
analog image signal having a driving voltage corresponding the driving voltage (input) in the electro-opUcal device show 
to an arbitrary step of gray scale among 2" (where N is a 35 an S-shaped nonhneanty having its inflection poin located 
natural number) sfeps of gray scale to I signal line of the at around the center thereof due to the saturation character- 
electro^ptical device in which the optical characteristics istic that most electro-optical devices have, a ^ ^ ^ 
thereof change nonlinearly with respect to the changes in the characteristic or the hke. For instance, in be case of a hqu d 
S voltL the driving method including the steps of: crystal device, the changes in the transmittance (an example 
driving voiiage, g s v ^ q{ ^ characterist i c ) Wllh respect l0 applied voltage 
inputting an N-bit digital image signal indicative of the ^ ^ q]& me saturation chara cteristic in 
arbitrary step of gray scale to the digital-to-analog ^ ^ fa ^ vidnity of a maximum applied vo i tag e and 
converter; a m j mmum applied voltage, respectively; therefore, the 
generating, by the digital-to-analog converter, a voltage changes show the S-shaped nonlinearity having its inflection 
within the range of a pair of first reference voltages 45 poim locate( j at ar0 und the central voltage, 
according to the bit value of the foregoing digital image Accordingly, if a single reference voltage is divided in the 
signal to produce the driving voltage within a first digital-to-analog converter, it would be difficult to correct 
driving voltage range corresponding to the step of gray tfae non ii ne arity of the optical characteristics (e.g. the 
scale of the digital image signal so that the changes in S-shaped nonlinearity having its inflection point located at 
the driving voltage with respect to the changes in the SQ arounc j the center thereof) in the electro -optical device by 
step of gray scale of the digital image signal are ma kj n g use of the nonlinearity of the driving voltage (e.g. 
nonlinear if the input digital image signal indicates a asymptote nonlinearity) because of the non-similarity 
step of gray scale from a first to m-lth (where "m" is between the two. According to the present invention, 
a natural number and l<m^2 /v ; however, the nonlinearity of the driving voltage in the first 
generating, by the digital-to-analog converter, a voltage 55 driving voltage range obtained by generating the voltage 
within the range of a pair of second reference voltages within the range of the first reference voltage can be corn- 
according to the bit value of the foregoing digital image bi 0 ed with the nonlinearity of the driving voltage in the 
signal to produce the driving voltage that corresponds second driving voltage range obtained by generating the 
to the step of gray scale of the digital image signal and voltage within the range of the second reference voltage so 
also lies within a second driving voltage range adjacent 60 as to make the nonlinearity of the driving voltage over the 
to the first driving voltage range so that the changes in en tire first and second driving voltage ranges similar to a 
the driving voltage with respect to the changes in the certain extent to the nonlinearity of the optical characteris- 
gray scale of the digital image signal are nonlinear if tics (in other words, it is possible to provide both nonlin- 
the digital image signal indicates a step of gray scale earities with a change trend that is similar to a certain 
from the m-lh to 2^-th; and 6 5 extent). In particular, by setting the voltage so that the 
supplying the analog image signal having the generated polarities of the pair of the first reference voltages and the 
driving voltage to the signal line. polarities of the pair of the second reference voltages are 
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opposite in relation to the digital-to-analog converter, the most significant bit of the digital image signal. The digital- 
driving voltage with respect to the gray scale can be inflected to- analog converter generates a voltage in the range of the 
at the boundary of the first and second driving voltage first reference vollage to generate the driving voltage in the 
ranges. first driving voltage range if the lower N-l bits are input 

Thus, it is possible to drive the electro -optical device by 5 thereto as they are. On the other hand, the digital-to-analog 

using a digital image signal as an input, and to correct the converter generates a voltage in the range of the second 

nonlinearity of the optical characteristics of the electro- reference voltage to generate the driving voltage in the 

optical device by making use of the nonlinearity of the second driving voltage range if the lower N-l bits are 

driving voltage of the digital-to-analog converter according inverted before being input thereto. Hence, only one N-l bit 

to the degree of the similarity between these nonlinearities. 10 digital-to-analog converter is required as the digital-to- 

This means that the y correction for the electro-optical analog converter for converting N-bit digital image signals, 

device can be made by using the digital-to-analog converter. making it extremely advantageous from the viewpoint of the 

According to the present invention as set forth above, it is composition of the device, 

not required to separately provide the y correcting means in In this embodiment, a selective inverting circuit for selec- 

a stage preceding the digital-to- analog converter, which was 15 tively inverting the lower N-l bits depending upon the value 

required in the prior art. As an alternative, however, such a of the most significant bit may be further provided between 

y correcting means may be separately provided to make a y the interface and the digital-to-analog converter, 

correction in a first stage, and a y correction in a second stage In such a configuration, when a digital image signal is 

may be made by the foregoing digital-to-analog converter in input via the interface, the selective inverting circuit selec- 

accordance with the present invention. In this case, a rough 20 tively inverts the lower N-l bits according to the value of 

y correction may be made in one of these two stages, then a the most significant bit. And the selectively inverted lower 

fine y correction may be made in the other stage. N-l bits are input to the digital-to-analog converter which 

In a mode of the driving circuit in accordance with the generates a voltage in the range of the first or second 
present invention described above, the voltage polarities of reference voltage so as to generate a driving voltage in the 
the pair of the first reference voltages and the voltage 25 first or second driving voltage range, 
polarities of the pair of the second reference voltages sup- Still another embodiment of the driving circuit in accor- 
plied to the digital-to-analog converter are set to be opposite dance with the present invention is further provided with a 
from each other so that the changes in the driving voltage selective voltage supply circuit for selectively supplying 
corresponding to the changes in the gray scale have the either the first or .second reference voltage to the digital-to- 
inflection points between the first and second driving voltage 30 analog converter according to the value of the most signifi- 
ranges. cant bit of the digital image signal. 

According to this embodiment, the optical characteristics According to this embodiment, depending upon the value 
in the electro-optical device exhibit the S-shaped nonlinear- of the most significant bit of the digital image signal, the 
ity having the inflection point between the first and second selective voltage supply circuit selectively supplies the first 
driving voltage ranges. Meanwhile, the first and second 35 or second reference voltage to the digital-to-analog con- 
reference voltages, in which the voltage polarities of the verter. Then, the digital-to-analog converter generates a 
reference voltages are opposite to each other, are supplied to voltage in the range of the first or second reference voltage 
the digital-to-analog converter; hence, the driving voltage in selectively supplied so as to generate a driving voltage in the 
the digital-to-analog converter also exhibits the S-shaped first or second driving voltage range. Thus, the portion of the 
nonlinearity having the inflection point located between the 40 digital -to -analog converter for selectively generating a volt- 
first and second driving voltage ranges. Further, there is the age in the range of the first reference voltage can be 
change trend corresponding to the change in the S-shaped commonly used as the portion of the digital-to-analog con- 
nonlinearity of the optical characteristics, thus making it verter for selectively generating a voltage in the range of the 
possible to achieve a high level of correction of the nonlin- second reference voltage, making it advantageous from the 
earity of the optical characteristics in the electro -optical 45 viewpoint of the composition of the device, 
device by utilizing the nonlinearity of the driving voltage Yet another embodiment of the driving circuit in accor- 
over the entire first and second driving voltage ranges. dance with the present invention is further provided with, as 

In another embodiment of the driving circuit in accor- the digital-to-analog converter, a switched capacitor type 
dance with the present invention described above, the value digital-to-analog converter adapted to generate the voltages 
of "m" is equal to 2 N ~ X and lower N-l bits of the digital 50 in the ranges of the first and second reference voltages, 
image signal are selectively input to the digital-to-analog respectively, by means of charging a plurality of capacitors, 
converter as they are or after being inverted according to the According to this embodiment, the voltages in the ranges 
value of the most significant bit of the digital image signal of the first and second reference voltages are generated by 
The digital-to-analog converter generates a voltage in the the plurality of capacitors of the switched capacitor type 
range of the first reference voltage if the lower N-l bits are 55 digital-to-analog converter. This makes it possible to gen- 
input thereto as they are, and it generates a voltage in the erate driving voltages by relatively reliable, accurate voltage 
range of the second reference voltage if the lower N-l bits selection by using a relatively simple composition, 
are inverted before being input thereto. In this embodiment, the first reference voltage may be 

According to the embodiment, the value of "m" is equal composed of a pair of voltages that enable a voltage in the 

to In other words, the first half or the latter half of the 60 first driving voltage range to be selectively generated, and 

2^ steps of gray scale corresponds to the driving voltage in the second reference voltage may be composed of a pair of 

the first driving voltage range and the other half corresponds voltages that enable a voltage in the second driving voltage 

to the driving voltage in the second driving voltage range. In range to be selectively generated. 

this case, lower N-l bits of the digital image signal are Such a composition allows a voltage in the range of a pair 

selectively input to the digital-to-analog converter as they 65 of the first reference voltages to be generated by the plurality 

are or after being inverted, depending upon the binary value of capacitors of the switched capacitor type digital-to-analog 

(i.e. depending upon whether the value is "0" or "1") of the converter, thereby providing a discrete driving voltage that 
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lies in the first driving voltage range. On the other hand, a opposed electrodes according to the binary vdue of the most 

voltage in the range of a pair of the second reference significant bit. First, the pair of the opposed electrodes are 

voltages is general to pJide a discrete driving voltage %Z&JZ£2XZ 

that lies in the second driving voltage range. Hence de^red ^^ e ™ XSdng circuit On the other hand, the 

first and second driving voltage ranges , can be obtarned 5 capaci ^ ^ ^selectively reset to the other of 

according to the setUng of the pair of the first reference 8 ^ ^ or the other of the paired 

voltages and the setting of the pair of the second reference afeKDCe voltagcs according to the binary value of 

voltages, and the gap between these ranges can be also ^ most significant bit by the signa i n ne potential resetting 

reduced. circuit. After that, the first through N-lth capacitive ele- 

In this case, the value of the foregoing "m" is equal to 10 ments are se i ect i V ely connected to the signal lines by the first 

2"~\ and the composition may be such that the lower N-l through N-lth switches of the selective switch circuit in 

bits of the digital image signal are selectively input to the accordance with the values of the lower N-l bits. As a 

switched capacitor type digital-to-analog converter as they reS ult, the voltages (positive or negative voltages) charged in 

are or inverted before being input thereto according to the ^ rcS p ec tive capacitive elements are applied as the driving 

value of the most significant bit of the digital image signal, is voltages to the signal lines according to the steps of gray 

and the switched capacitor type digital-to-analog converter scale indicated by a digital image signal. Thus, it is possible 

generates a voltage in the range of the first reference voltage to generate a driving voltage, which has been selected within 

if the lower N-l bits are input thereto as they are, and it the ranges of the reference voltages relatively reliably and 

generates a voltage in the range of the second reference accurately, by using a relatively simple composition 

voltage if the lower N-l bits are inverted before being input 20 Especially in this case each of the capacity elements 

I , constituting the switched capacitor type digital-to-analog 



According to the configuration set forth above, the value converter are directly connected to the signal lines and the 
of "m" is equal to V \ and the first half or the latter half of minimum electric charges required for charging the parasitic 
the 2" steps of gray scale corresponds to the driving voltage capacitance of the signal lines canbe directly supplied from 
in the first driving voltage range and the other half corre- 25 each of the capacitive elements. This ,s extremely adyan.a- 
Tponds to the driving voltage to the second driving voltage geous in reducing the power consumed by the dig, tal-to- 
range. In this case, lower N-l bits of the digital image signal analog converter and the dnving circuit. In particular the 
are selectively input to the switched capacitor type digital- power consumption can be markedly reduced " <^P">»" 
to-analog converter as they are or after being inverted with the conventional case where a buffer circuit or the hke 
depending upon the value of the most significant bi, of the 30 is installed between the output terminal of the swUched 
digital image signal. And the switched capacitor type digital- capacitor type digital-to-analog converter and the signal line 
^analog converter generates a voltage in the range of the to correct the nonhnean.y of the dnvmg voltage attributable 
first reference voltage to generate a driving voltage in the to the parasitic capacitance of the signal I™ 
first driving voltage range if the lower N-l bits are input In this case, the capacitances of the first through N-lth 
EetortheyareOnthto.herhand,theswitchedcapacitor 35 capacitive elements may be set to Cx2-' (C: Predetermined 
tvoe dieital-to-analog converter generates a voltage in the unit capacitance; i-l, 2, . . . , N-l). 
range of the second reference voltage to generate a driving mis configuration makes it possible to change a , dnv nj 
votage in the second driving voltage range if the lower N-l voltage, which * obtamed by selective voltage generation at 
bits are inverted before being input thereto. Hence, only one predetermined intervals so as to enable the optical c harac- 
N-l bit switched capacitor Type digital-to-analog converter 40 teristics in the electro-optical device to be changed at the 
£ requteTas the SC DAC to convert an N-bit digital image predetermined intervals. Hence, stable multi-step gray scale 
sienal making it extremely advantageous from the view- can be indicated over the entire gray scale range. 
£of the composition of the devil In another embodiment of the driving c*cui, « accor 
In this case, the switched capacitor type digital-to-analog dance with the present mvent.on se forth above the values 
converter may be further provided with: a first through 45 of the first and second reference voltages are set so that he 
N-lth capacifive elements respectively having a pair of difference between the driving voltage corresponding to the 
opposed eLtrodes, wherein one of the paired first reference m-1 th sup of gray scale and the dri ving voltag e. com. pond- 
voltages or one of the paired second reference voltages is ing to the m-lh step of gray scale is smaller than a prede- 
selectivelv applied to one of the paired opposed electrodes termined value. 

ZS£JL binary va.ue of Oie most significant bit; a so According to this embodiment ^^^7, 

capacitive element resetting circuit for short-circuiting the dnvmg voltage corresponding to the m-lth step of gray 

proToppose^odes in each of the first through N-lth scale, i.e. a driving voltage that lies withm the first dnving 

crpadtiT eUments so as to discharge electric charges; a voltage range and that is c osest to the second dnying 

^K^^ttingdrc^tfor^vely.es.ttiBg voltage range at the same time and the dn ying vohage 

mf voltage of the signal line to the other of the paired first 55 corresponding to the m-th step of gray scale i.e. a dnving 

Sce 8 voltages or the other of the paired second reference Voltage that lies within the second driving voltage range and 

%^£S*teb^v*£rttowM^itent that is closes, to the first driving voltage range tt the same 

bir and a selective switching circuit including a first through time, is smaller than the predetermined value. Therefore by 

K^^XS^y connect the first through setting the predetermined value to a value that has been 

N-lth capachive elements to the signal lines, respectively, 60 experimental^ established ,n advance, e g. to a value cor- 

according to the values of the lower N-l bits after the responding to a difference in gray scale that cannot be 

Charge by the capacitive element resetting circuit and the recognized by human, it becomes possible to prevent a 

by the signal line potential resetting circuit. practically discontinuous change in the gray scale at the gap 

According to the configuration set forth above, in each of between the first and second dnving voltage ranges (i.e. the 

the first through N-lth capacitive elements, one of the 65 boundary of the two ranges). .... . . 

paired first reference voltages or one of the paired second In this embodiment, the values of the first and second 

reference voltages is selectively applied to one of the paired reference voltages may be set so that the ratio of the optical 
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characteristics in the case where the electro-optical device is lines are provided with predetermined capacitors in addition 
driven by the driving voltage corresponding to the m-lth to the parasitic capacitance of the signal lines, 
step of gray scale and the case where the electro-optical According to this embodiment, the changes in the driving 
device is driven by the driving voltage corresponding to the voltage (output) with respect to the changes in the gray scale 
m-th step of gray scale is equal to one step of gray scale 5 (input) in the digital-to-analog converter generating voltages 
obtained by dividing the variation range of the optical m t he ranges of the reference voltages as previously 
characteristics by (2 -1). described exhibit, for example, asymptoteshaped nonlinear- 
According to such a composition, the driving voltage - tv t0 me parasitic capacitance of the signal lines located 
obtained by selective voltage generation can be changed al on lhe output s [fc ; therefore, adding the predetermined 
predetermined intervals even before and after the boundary 1Q capac i tancc ^ mentioned above makes it possible to bring 
of the first and second driving voltage ranges, so that the ^ nonlincarity 0 f thc driving voltage to a desired one or 
optical characteristics in the electro-optical device can be somewhat close to a dcsircd onc . The specific value of the 
changed at predetermined intervals. This means that highly dctcrmined capac i tancc f or obtaining such desired non- 
suble multi-step gray scale display can be achieved over the * £ . out rimcntS) 
entire gray scale range including the gray scale range ^ Hkc ^ thc nUnearity of the driving 
TTfiff ItreSthe driving circuit in acco, voltagesin the first and second «vingvd^^ cjnta 
dance with the present invention described above, the matched to each other by the nonlinearity of the ophcal 
digital-to-analog converter is provided with a resistance characteristics by adjusting the additional capacitance of the 
ladder that divides the first and second reference voltages, signal lines in addition to the selective voltage generation 
respectively, by a plurality of resistors connected in series. 20 carried out based on the two different reference voltages 
According to this embodiment, the plurality of resistors of (namely, the first and second reference voltages). As a result, 
the resistance ladder generate the voltages in the ranges of the nonlinearity of the optical characteristics can be cor- 
the first and second reference voltages by dividing the reeled by making use of the nonlinearity of the driving 
voltages Thus, the driving voltages can be generated rela- voltage that is more similar thereto, 
lively reliably and accurately by dividing voltages by using 25 In a further embodiment of the driving circuit in accor- 
a relatively simple composition. dance with the present invention described above, the 
This embodiment may be further provided with a selec- electro-optical device is a liquid crystal device composed of 
live voltage supply circuit for selectively supplying either liquid crystal held between a pair of substrates, and the 
the first or the second reference voltage to the digital-to- driving circuit is formed on one of the paired substrates, 
analog converter according to the value of the most signifi- 30 According to this embodiment, a digital image signal can 
cant bit of the digital image signal. The digital-to-analog be directly input, and the gray scale display on the liquid 
converter may be further provided with a decoder that crystal device can be accomplished at relatively low power 
decodes the lower N-l bits of the digital image signal and consumption by using a relatively simple configuration, 
outputs decoded signals through output terminals, and Furthermore, the ? correction of the liquid crystal device can 

switches, one terminal of each of which is connected to 35 be also made, 

each of a plurality of taps drawn out among the plurality of In this embodiment, each of the first and second reference 

resistors and the other terminal thereof is connected to each voltages may be supplied to the digital-to-analog converter 

of the signal fines and the switches being respectively with the voltage polarity with respect to a predetermined 

operated according to the decoded signals output through the reference potential being inverted for each horizontal scan- 

output terminals. ™ ning period. 

In this case the selective voltage supply circuit selec- According to the configuration described above, each of 

lively supplies either the first or the second reference voltage the voltage polarity of the first reference voltage and that of 

to the digital-to-analog converter according to the binary the second reference voltage is switched for each horizontal 

value of the most significant bit of the digital image signal. scanning period when supplying the reference voltages to 

Then in the digital-to-analog converter, the decoder decodes 45 allow the liquid crystal device to be driven by a scanning 

the lower N-l bits of the digital image signal and outputs line reversing drive (so-called "1H reversing drive") system, 

binary decoded signals respectively through the output wherein the driving voltage is inverted for each scanning 

terminals. Then, when the 2"" 1 switches respectively con- line, or a pixel reversing drive (so-called "dot inverting 

nected between the plurality of laps respectively drawn out drive") system. This prevents the flickers on a display screen 

among the plurality of resistors and the signal lines are 50 and also prevents other problems such as a deterioration^ 

operated according to the decoded signals output through the liquid crystal due to the application of DC voltage. The 

output terminals, the first and second reference volt- predetermined potential providing the reference for the 

aces are divided according to the gray scale indicated by the polarity inversion in this case is approximately equal to the 

digital image signal. As a result, the voltages obtained by the opposed potential applied lo one electrode or a liquid crystal 

voltage division by the respective resistors are applied as the 55 pixel, to which the driving voltage supplied from the driving 

driving voltages to the signal lines according to the gray circuit is applied, and the other electrode opposed to thc 

scale indicated by the digital image signal. Thus, it becomes foregoing electrode via a liquid crystal layer. However in 

possible to generate a driving voltage by relatively reliable the case of a configuration where the voltages are applied to 

and accurate voltage division by using a relatively simple liquid crystal pixels via switching elements such as transis- 

configuration 60 lors or nonlinear elements, the foregoing predetermined 

Dividing the voltage by using the resistance ladder is potential is biased with respect to the opposed potential, 

especially advantageous because it eliminates the possibility considering a drop in the applied voltage attributable to the 

of the reverse change of the driving voltage with respect to parasitic capacitance of the switching elements, or the like, 

the change in the gray scale via the gap (boundary) of the To solve the technical problems described above, an 

first and second driving voltage ranges. 65 electro-optical device in accordance with the present in ven- 

In another embodiment of the driving circuit in accor- tion is provided with the driving circuit described above in 

dance with the present invention set forth above, the signal accordance with the present invention, so that it permits 
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direct input of a digital image signal, enabling an electro- FIG. 15 is a schematic representation illustrative of a fifth 

optical device to be achieved that is capable of providing step of the manufacturing process of the liquid crystal device 

high-quality gray scale display at relatively low power shown in FIG. 9. 

consumption by using a relatively simple configuration. FIG. 16 is a schematic representation illustrative of a sixth 

To solve the technical problems described above, elec- 5 step of the manufacturing process of the liquid crystal device 

tronic equipmenl in accordance with the present invention is shown in FIG. 9. 

provided with the electro-optical device in accordance with pjQ 17 j s a schematic representation illustrative of a 

the present invention described above, so that it makes it seventh step of the manufacturing process of the liquid 

possible to accomplish various types of electronic equip- crystal device shown in FIG. 9. 

ment that has a relatively simple composition, consumes 10 F[G lg - s a schematic exploded view of another embodi- 

relatively low power, and is capable of providing high- menl of tne j icjuid crvsta i device in accordance with the 

quality gray scale display. present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS FIG. 19 is a schematic representation showing an embodi- 

. , . - „ ment (portable computer) of electronic equipment in accor- 

HG. 1 is a circuit diagram Rowing an embodiment of a 15 dance ^ ^ t invention . 

driving circuit employing an SC-DAC ,n accordance with ^ ^ fa ^ representadon showiog 

the present mvenUon. embodiment (projector) of the electronic equipment in 

FIG. 2 is a diagram illustrative of a method whereby two . ^ ^ ^ invention . 

voltages corresponding to the 2Q piG. 21 is a diagram illustrative of the input/output 

mum value of transmittance are de—d from a trans- 20 8 used for conventional driving 

mittance characteristic curve of liquid crystal pixels. ^ ^ ^ ^ ^ ^ Qf ^ 

FIG. 3(A) is a diagram showing the changes in the output qj^q witn resp ect to image data, while graph (B) on the right 

characteristic of the DAC observed when reference voltages ^ appUed tQ a ^ cf y Stal pixel electrode 
are changed. ^ witn respecl t0 tne transmittance of a liquid crystal pixel. 

FIG. 3(B) is a diagram showing the changes in the output 

characteristic of the DAC observed when the total capaci- DETAILED DESCRIPTION OF PREFERRED 

tance of capacitive elements is changed. EMBODIMENTS 

FIG. 4 is a diagram showing the changes in the input/ The flowing will describe embodiments of the best 

output characteristic of the DAC in the driving circuit of 3Q modes f or embodying the present invention in conjunction 

FIG. 1; graph (A) on the left indicates the output voltage of ^ lhe accompanying drawings, 

the DAC with respect to image data, while graph (B) on the Embodiment) 

right indicates the voltage applied to liquid crystal pixel FIG j a c i rcu it diagram showing an embodiment of a 

electrodes with respect to the transmittance of liquid crystal driving circuit of a liquid crystal device in accordance with 

pixels. 35 the present invention when the liquid crystal device, which 

FIG, 5 is a graph showing the relationship between the ^ an example of an electro -optical device, is driven in a 

transmittance of the liquid crystal pixels and the voltage normally white mode. In FIG. 1, the driving circuit is 

applied to the liquid crystal pixel electrodes in three cases (I adapted to perform 6 -bit digital image processing, and it is 

through III). constituted by a shift register 21, a latching device 22 

FIG. 6 is a circuit diagram showing a detailed configu- 40 composed of a first latching circuit 221 and a second 

ration of a first embodiment. latching circuit 222, a data conversion circuit 23 provided in 

pic 7 i s a timing chart illustrating the operation of the the following stage, and a DAC 3 provided in the following 

embodiment of FIG. 6. stage, and a selective circuit *• , 

FIG 8 is a circuit diagram showing a second embodiment A controller 200 provided outside the driving circuit sends 

/ , , f ♦ , n„„ mil nAr 45 out 6-bit maee data D A (Dl, D2, D6) in parallel to the 

ofadnvingarcuit employmg a res^tanceladdertypeDAC g^ 11 ^ im ge data D /is digital image data 

in accordance with the present mvention J^pg arbitrary g sl ep of gr^y scale among 2* steps 

FIG. 9(A) is a top plan Vl ew of an embodiment of a liquid * J device 22 constitutes an example 

crystal device in accordance with the present invention. rf S £ ^ ^ M ^ 

FIG. 9(B) is a cross-sectional view of the liquid crystal ^ ^ ^ m D2 , . . . , D6 at a clock CLfrom the shift register 

device of FIG. 9(A). 21 and sends them out to the second latching circuit 222 at 

FIG. 9(C) is a longitudinal sectional view of the liquid a timmg LR ^ ^^nd latching circuit 222 sends out 

crystal device of FIG. 9(A). accumulated data to the data conversion circuit 23. 

FIG. 10 is a circuit diagram of the liquid crystal device of j Q pj G 1? tnere i s shown a unit circuit of the driving 

FIG. 9. 55 circuit for supplying a data signal voltage to one of the data 

FIG. 11 is a schematic representation illustrative of a first signal lines of the liquid crystal device. Actually, as many 

step of the manufacturing process of the liquid crystal device SD jf t registers 21 as the stages for supplying as many outputs 

shown in FIG. 9. as the data signal lines to the liquid crystal device are 

FIG. 12 is a schematic representation illustrative of a required. Likewise, as many latching devices 22 as the data 

second step of the manufacturing process of the liquid 60 signal lines are required. The same number of pieces of 6-bit 

crystal device shown in FIG. 9. image data as the number of horizontal pixels are sent out in 

FIG. 13 is a schematic representation illustrative of a third parallel from the controller 200, and the shift register 21 

step of the manufacturing process of the liquid crystal device gives outputs in sequence according to the sending-out 

shown in FIG. 9. timing. Upon receipt of each of the outputs of the shift 

FIG 14 is a schematic representation illustrative of a 65 register 21, the first latching circuit 221 of the driving circuit 

fourth step of the manufacturing process of the liquid crystal unit associated with each of the data signal lines latches the 

device shown in FIG. 9. 6-bit image data in parallel at the same time. After the image 
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data for the horizontal pixels has been latched at the first disposed, so that a parasitic capacitor is also formed between 

latching circuit 221, the image data for one line is transferred the data signal lines, the scanning signal lines, and the pixel 

from the first latching circuit 221 to be simultaneously electrodes. Alternatively, as it will be discussed later, the 

latched together at the second latching circuit by a latch wiring width of the output signal line 39 may be increased 

pulse LP. From the moment the second latching circuit 222 5 around the pixel area to adjust the output characteristic curve 

latches the image data for one line, the DAC 3 begins DA of the DAC 3 and capacitance may be intentionally formed 

conversion. Further, when image data for one line is latched between the electrodes of the substrates opposed to each 

at the second latching circuit 222, the image data of the other with liquid crystal therebetween. The signal line 

horizontal pixels for the next line is sent out in sequence capacitor CO represents the total parasitic capacitance. In the 

from the controller 200, and the first latching circuit 221 10 drawing, the potential at the other end of the signal line 

continues latching in sequence upon receipt of an output capacitor 310 is shown as the electrode potential (common 

from the shift register 21 in the same manner as previously electrode potential) of the opposed substrate; it is indicated 

mentioned. as the potential that contributes most as the potential at the 

In response to the latch pulse LP, the image data for one other end of the capacitor when the value of the capacitance 

horizontal pixel, one pixel being composed of 6-bit image 15 generated with the common electrode opposed to the output 

data, is latched at the second latching circuit 222, and the signal line 39 reaches a maximum value. The potential is not 

image data for the one horizontal pixel is sent out at the same limited to the common electrode potential; as long as it is a 

time to the data conversion circuit 23 of each driving circuit potential that enables charging the signal line capacitor CO 

ufli^ in the relationship between the reference voltages V M and 

In this embodiment, if the value of a most significant bit 20 V fc2 , the capacitor may be formed between itself and other 

D6 of the 6 -bit image data DA is "0," then the data potential, and the potential may be defined as the potential 

conversion circuit 23 sends out remaining lower bits Dl at the other end. 

through D5 of the image data DA as they are to the DAC 3; The DAC 3 has first and second reference voltage input 

if the value of the most significant bit D6 is "1," then it terminals "a" and "b An output terminal (a connecting 

inverts the bits Dl through D5 before sending them out to 25 terminal a3) of the selective circuit 41 is connected to the 

the DAC 3. In this specification, the image data (the data first reference voltage input terminal "a," and an output 

composed of the lower bits Dl through DS or inverted bits terminal (a connecting terminal b3) of a selective circuit 42 

thereof) sent out by the data conversion circuit 23 to the is connected to the second reference voltage input terminal 

DAC 3 will be denoted by D B , and the inverted bits of the "b." 

bits Dl through D5 will be accompanied by * and denoted 30 The selective circuits 41 and 42 have two terminals each 

as Dl* through D5* . as the input terminals, namely, al, a2 and bl, b2, respec- 

The DAC 3 is a so-called "SC-DAC" and it is composed lively. Voltages V al and V a2 are input to the input terminals 

of a plurality of transistor switches and capacitors. Five, al and a2 of the selective circuit 41. A switch 420 of the 

namely, first through fifth capacitive elements 311 through selective circuit 41 connects the connect i in: terminal ;i3 tn :<1 

315, are disposed in parallel. A capacitor CO denoted as a 35 when the value of the most .significant hit Dfi (indicate! In 

signal line capacitor 310 is parasitically present in an output MSB in FIG. 1) of the input data is "0 " while it connects 

signal line 39 of the DAC 3. The output signal line 39 is the connecting terminal a3 to the input terminal a2 when the 

connected to capacitive elements 311 through 315 via each value of the most significant bit D6 is "1." 

of bit selective switches 341 through 345 making up a bit Further, voltages V M and V w are input to the input 

selective switching circuit 34. The DAC 3 further includes 40 terminals bl and b2 of the selective circuit 42. The switch 

a capacitive element resetting device 32 and a signal line 430 connects the connecting terminal b3 to the input termi- 

potential resetting device 33. The capacitive element reset- nal bl when the value of the most significant bit D6 of the 

ting device 32 is composed of five switches 321 through input data D A is "0," while it connects the connecting 

325. The respective switches 321 through 325 are provided terminal b3 to b2 when the value of the most significant bit 

among terminals of the respective capacitive elements 311 45 D6 is "1." 

through 315; they allow the electric charges of the capacitive Thus, in this embodiment, the pair of the first reference 

elements 311 through 315 to be discharged when they are voltages are comprised of the voltages V al and V w , and the 

turned ON at the same time. The signal line potential pair of the second reference voltages are comprised of 

resetting device 33 is constituted by a switch 331 for voltages V a2 and V b2 . 

selectively connecting or disconnecting a connecting termi- 50 The bit selective switching circuit 34 is comprised of the 

nal b 3 of a selective circuit 42, which will be discussed later, switches 341 through 345 for selectively connecting or 

and the output signal line 39. When the switch 331 is ON, disconnecting the respective capacitive elements 311 

the potential of the output signal line 39 can be reset by through 315 and the output signal line 39; the switches are 

reference voltage V bl or V b2 which will be discussed later. turned ON or OFF according to the values of the noninverted 

In FIG. 1, the signal line capacitor 310 provides the 55 signals Dl through D5 or the inverted signals Dl* through 

parasitic capacitance to the output signal line 39, the termi- D5* from the data conversion circuit 23. The capacitances of 

nal potential (common potential) on the opposite side from the capacitive elements 311 through 315 are set by binary 

the signal line being denoted by V0. The signal line 39 is ratios and they are C, 2xC, 4xC, 8xC, and 16xC, respec- 

wired toward a pixel area as the data signal line of the liquid lively; total capacitance C T of the capacitive elements 311 

crystal device. The signal line capacitor 310 provides the 60 through 315 connected in parallel is 3lxf\ According to a 
parasitic capacitance to the output signal line 39 and the data general formula, the capacitance of the capacitive elements 
signal line of the pixel area joined thereto as previously 311 through 315 is Cxi" 1 (where: C denotes a predeter- 
mentioned. These signal lines have a capacitor formed mined unit capacitance; j=l, 2, . . . , N-l). 

between themselves and the electrode of a substrate opposed How each of the values of the two pairs of reference 
thereto via liquid crystal. In the pixel area of an active matrix 65 voltages V al and V M and V fl2 and V b2 are determined in the 
liquid crystal panel, data signal lines and scanning signal driving circuit of this embodiment will now be described. In 
lines cross each other or pixel electrodes are adjacently this embodiment, it is assumed that V fll >V M and V o2 <V w . 
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First, a transmittance variation range T is decided from a 
transmittance characteristic Y of a liquid crystal pixel that is 
indicated by an applied voltage V LP to the liquid crystal of 
a pixel taken on the abscissa and transmittance S LF of the 
pixel taken on the ordinate as shown in FIG. 2. Then, two 
voltages corresponding to the minimum value and the maxi- 
mum value of the transmittance are determined from the 
transmittance characteristic curve of the liquid crystal pixel. 
In this case, the two voltages are denoted as V ol and V o2 
(V al >V o2 ). 

In this embodiment, the liquid crystal will be driven in the 
normally white mode; hence, when the transmittance 
reaches its maximum, the image data will be "000000/' 
At this time, the tower five bits Dl through D5 ("00000") of 
the image data D A will be input directly to the data input 
terminals DTI through DT5 of the DAC 3 showD in FIG. 1. 
Hence, all the bit selective switches 341 through 345 will be 
OFF. The most significant bit of the image data D A is "0," 
so that the switch 430 of the selective circuit 42 connects b3 
to bl, and V bl appears at the reference voltage input terminal 
"b" of the DAC 3. This causes V M to appear at the output 
signal line 39. 

On the other hand, when the transmittance reaches its 
minimum, the image data D A is "111111." At this time, the 
inverted bits Dl* through D5* "00000" are input to the data 
input terminals of the DAC 3. Hence, the bit selective 
switches 341 through 345 are all turned OFF in this case 
also. Further, the most significant bit of the image data D A 
is "1," so that the switch 430 of the selector circuit 42 
connects b3 to b2 and V b2 appears at the reference voltage 
input terminal "b" of the DAC 3. Thus, the output of the 
DAC 3 that corresponds to the maximum value of the 
transmittance of the transmittance variation range T is V A1 
and the output of the DAC 3 that corresponds to the 
minimum value of the transmittance is V b2 . 

Further, if the image data D A is "011111," that is, if the 
value of the image data D A is set to a decimal value 2^ -1 -l, 
then the lower bits Dl through D5 "11111" are input as they 
are to the data input terminal of the DAC 3 shown in FIG, 
1. In this case, the most significant bit of the image data D A 
is "0," so that the switch 420 of the selective circuit 41 
connects the terminal a3 to the terminal al, and V al appears 
at the reference voltage input terminal "a" of the DAC 3. 
Also, the switch 430 of the selective circuit 42 connects the 
terminal b3 to the terminal bl, and V M appears at the 
reference voltage input terminal "b" of the DAC 3. Then, on 
one hand, the switch 331 of the signal line potential resetting 
device 33 is turned ON once and then turned OFF to reset 
the signal line potential of the signal line 39 to V w . On the 
other hand, the five switches 321 through 325 of the capaci- 
tive element resetting device 32 are all turned ON once and 
then turned OFF to reset the voltages at both terminals of 
each capacitive element to V fl] . Under this condition, when 
the bit selective switch 34 is selectively turned ON (in this 
case, since the bits Dl through D5 are "11111," the bit 
selective switches 341 through 345 are all turned ON), the 
following voltage appears at the output signal line 39: 

V 1 -V. 1+ {(V M -V ( , l )x31C/(O0+31C)} (1) 

Furthermore, if the image data D A is "100000," that is, if 
the value of the image data D^ is set to a decimal value 2 V " 1 , 
then the inverted bits Dl* through D5* "11111" are input to 
the data input terminal of the DAC 3 shown in FIG. 1. First, 
the most significant bit of the image data 0 A is "1," so that 
the switch 420 of the selective circuit 41 connects the 
terminal a3 to the terminal a2, and V o2 appears at the 
reference voltage input terminal "a" of the DAC 3. Also, the 
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switch 430 of the selective circuit 42 connects the terminal 
b3 to the terminal b2, and V b2 appears at the reference 
voltage input terminal "b" of the DAC 3. Then, on one hand, 
the switch 331 of the signal line potential resetting device 33 

5 is turned ON once and then turned OFF to reset the signal 
line potential of the signal line 39 to V w . On the other hand, 
the five switches 321 through 325 of the capacitive element 
resetting device 32 are all turned ON once and then turned 
OFF to reset the voltages at both terminals of each capacitive 

10 element to V a2 . Under this condition, when the bit selective 
switch 34 is selectively turned ON (in this case, since the bits 
Dl* through D5* are "11111 " the bit selective switches 341 
through 345 are all turned ON), the following voltage 
appears at the output signal line 39: 

15 V a -V. l +{(V w -V rt )x31O(C0431C)} (2) 

Thus, as shown in FIG. 2, by appropriately selecting the 
value of AV»V 2 -Vj, the difference between the transmit- 
tance of the liquid crystal pixel obtained by the voltage (the 

20 output voltage of the DAC 3) appearing at the output signal 
line 39 when the image data D A is "011111" and the 
transmittance of the liquid crystal pixel obtained by the 
voltage appearing at the output signal line 39 when the 
image data D A is "100000" can be set to one step of gray 

25 scale of the transmittance variation range T (one step of gray 
scale on the logarithm axis). 

The condition for the gray scale not to be reversed over 
the range of "011111" to "100000" is AV>0, that is; 

In general, the following formula applies: 

ZCi/C 7 x(V fll -V. 2 )<V M -V M 

(where the computation of 2 is carried out on i-l to i-N-1) 

35 The above inequality formula holds if a voltage of the 
positive polarity is output from the driving circuit to the 
output signal line 39 when driving the liquid crystal of the 
pixels by AC. For this reason, it should be noted that all 
signs of inequality in the above inequality formula are 

40 reversed when a voltage of the negative polarity is output. 
As it is obvious from the formulas (1) and (2) given 
above, if V M -V b2 and V fl2 -V flJ remain constant, then the 
value of AV does not change. Hence, if, for example, V M 
and V b2 are set to fixed values, V a2 - V al is set to a constant 

45 value, and the values of V a2 and V al are shifted in the 
positive or negative direction, then the center of the gray 
scale of the output characteristic curve of the DAC 3 with 
respect to the image data D^ can be moved toward higher or 
lower transmittance. 

50 FIG. 3(A) shows the output characteristic (image data 
value D A -Output voltage Vc of DAC) of the DAC 3 in a 
case (Gl) where the voltage difference of V fl2 -V 0l is 
increased and a case (G2) where it is decreased while the 
voltage difference of V M -V M is held constant, and the 

55 output characteristic before the change being denoted by GO. 
As it is seen from formula (2) above, by appropriately 
setting the total capacitance C T of the capacitive elements 
311 through 315 and the capacitance CO of the signal line 
capacitor 310, the change in the gradient of the output 

60 characteristic curve of the DAC 3 with respect to the image 
data D A can be changed. More specifically, increasing C r 
with respect to CO permits the change in the gradient of the 
output characteristic curve to increase, and decreasing C T 
with respect to CO permits the output characteristic curve to 

65 be close to a straight line. 

FIG. 3(B) shows the output characteristic (image data 
value D A -Output voltage Vc of DAC) of the DAC 3 in a 
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case (G3) where C r is increased with respect to CO and a 
case (G4) where it is decreased while V al , V a2 , V M , and V b2 
are held constant, and the output characteristic before the 
change being denoted by GO. 

To bring the output characteristic curve further close to a 5 
straight line, a capacitor of a predetermined capacitance may 
be connected in parallel to the signal line 39 to increase the 
capacitance CO of the signal line capacitor 310. More 
specifically, by this configuration, the change in the driving 
voltage with respect to the change in the gruy scale in the 
DAC 3 can be brought close to a straight line due to the 
increased capacitance of the signal line 39 as mentioned 
above; therefore, even when the y characteristic is more 
linear, it can be handled by using the output characteristic 
curve of the DAC 3. 

The operation of the DAC 3 when the two pairs of 15 
reference voltages V fil , V bl and V fl2 , V b2 have been set and 
the total capacitance C r of the capacitive elements 311 
through 315 has been set as set forth above will now be 
described in detail. 

First, the most significant bit D6 of the image data D A 20 
input to the data conversion circuit 23 is input to a data input 
terminal DT6 of the DAC 3. If the value of the most 
significant bit D6 is "0 " then the switch 420 of the selective 
circuit 41 connects the connecting terminal a3 to the termi- 
nal al and the switch 430 of the selective circuit 42 connects 25 
the connecting terminal b3 to the terminal bl. If the value of 
the most significant bit D6 is "1," then the switch 420 of the 
selective circuit 41 connects the connecting terminal a3 to 
the terminal a2 and the switch 430 of the selective circuit 42 
connects the connecting terminal b3 to the terminal b2. At 30 
this time, the switches 321 through 325 of the capacitive 
element resetting device 32 and the switch 331 of the signal 
line potential resetting device 33 are both ON, while the 
switches 341 through 345 of the bit selective switching 
circuit 34 are OFF. This causes the capacitive elements 311 35 
through 315 to discharge and both terminals of each thereof 
to be reset to the reset voltage V al or W a2 and the terminal 
of the signal line capacitor 310 (i.e. the output signal line 39) 
to be reset to V fcJ or V fc2 . 

Under this condition, the switches 321 through 325 and 40 
the switch 331 are turned OFF, then the switches 341 
through 345 of the bit selective switching circuit 34 that had 
been OFF until then are selectively turned ON according to 
the values of the first bit Dl to the fifth bit D5 of the image 
data D A . At this time, as previously mentioned, if the value 45 
of the most significant bit D6 of the image data D^ input to 
the data conversion circuit 23 is "0," then the nonin verted 
signals Dl through D5 of the lower five bits are input to the 
data input terminals DTI through DT5 of the DAC 3, or if 
the value of the most significant bit D6 is "1," then the 5C 
inverted signals Dl* through D5* of the lower five bits are 
input thereto. 

Therefore, if, for example, the image data D A is "000001," 
then 0, 0, 0, 0, 1 are respectively input to the five terminals 
DTI through DT5 of the DAC 3, causing only the switch 55 
341 among the switches of the bit selective switching circuit 
34 to be turned ON. Likewise, if the image data D A is 
"111110," then C), 0, 0, 0, 1 are respectively input to the live 
terminals DTI through DT5 of the DAC 3, causing only the 
switch 341 among the switches of the bit selective switching 6C 
circuit 34 to be turned ON also in this case. 

Thus, a capacitive element of 311 to 315 connected to a 
switch that is ON among the switches 321 through 325 is 
connected to the signal line capacitor 310, and the voltage 
based on this connection appears at the output signal line 39. 6; 

For instance, if the image data D A is "000001," then the 
signal line capacitor 310 (capacitance CO) is charged by the 
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voltages V M and V0 at both terminals. The capacitive 
element 311 (capacitance C) connected to the signal line 39 
via the switch 341 after all the switches 321 through 325 of 
the capacitive element resetting device 32 are turned OFF is 
charged by the reference voltages V al and V M (on the other 
hand, the capacitive elements 312 through 315 are not 
charged by the reference voltages V aJ and V M because the 
switches 342 through 345 remain OFF). Hence, the capaci- 
tive element 311 (capacitance C) and the signal line capaci- 
tor 310 (capacitance CVf) c:iusc a voltage which looks : f 
it were obtained by substantially dividing the pair of refer- 
ence voltages V flJ and V w (i.e. V w -V fll ), to appear at the 
output signal line 39. 

Further, if the image data D A is "111110 " then the signal 
line capacitor 310 (capacitance CO) is charged by the volt- 
ages V b2 and V0 at both terminals. The capacitive element 
311 (capacitance C) connected to the signal line 39 via the 
switch 341 after all the switches 321 through 325 of the 
capacitive element resetting device 32 are turned OFF is 
charged by the reference voltages V n2 and V w (on the other 
hand, the capacitive elements 312 through 315 are not 
charged by the reference voltages V a2 and V b2 because the 
switches 342 through 345 remain OFF). Hence, the capaci- 
tive element 311 (capacitance C) and the signal line capaci- 
tor 310 (capacitance CO) cause a voltage, which looks as if 
it were obtained by substantially dividing the pair of refer- 
ence voltages V a2 and V b2 (i.e. voltages V b2 - V o2 ), to appear 
at the output signal line 39. 

In FIG. 4, graph (A) on the left shows the output voltage 
Vc of the DAC 3 with respect to the image data D^ 
(expressed in 64 steps of gray scale), and graph (B) on the 
right shows the relationship between a transmittance 
(axis: logarithm) of a liquid crystal pixel and a voltage V LP 
(corresponding to (he output voltage Vc of the DAP 1) 
applied to a liquid crystal pixel electrode, the transmittance 
S LP being indicated on the abscissa and the applied voltage 
V LP being indicated on the ordinate. "111111" to "000000" 
of the image data D^ are binary codes of the image data 
indicative of 64 steps of gray scale. As it becomes apparent 
by referring to graphs (A) and (B) in FIG. 4 in contrast to 
graphs (A) and (B) in FIG. 21, the DAC 3 in accordance with 
the present invention makes a y correction while carrying out 
D/A conversion at the same time. 

Shifting all the reference voltages V al , V fl2 , V 6J , and V b2 
to the high voltage side or the low voltage side makes il 
possible to shift the overall luminance (transmittance) in the 
pixels to the low side or the high side. Furthermore, by 
setting the voltage difference V M -V b2 to a large value 
beforehand, the contrast ratio can be increased, or by setting 
it to a small value, the contrast ratio can be decreased. 

i FIG. 5 gives a graph indicative of the relationship 
between the transmittance of liquid crystal pixels and the 
voltage applied to the liquid crystal pixel electrodes in three 
cases (indicated by cases I through III) where actual mea- 
surement has been performed in this embodiment. In FIG. 5, 

; the voltages of the positive and negative polarities of V al , 
V fl2 , V M , and V b2 are respectively applied in the respective 
cases 1 through III. This is because there are cases where a 
vi 1 1 luge of l he po.silivc polarity is output and cu.se> where a 
voltage of the negative polarity is output with respect to the 

> reference voltage (0V in the case of FIG. 5) to the data signal 
line to drive the liquid crystal of the pixels in the AC mode. 
If V al , V fl2 , V fcJ , and V fc2 are positive voltages, then the 
voltage of the positive polarity is applied to the pixel liquid 
crystal, or if they are negative voltages, then the voltage of 

; the negative polarity is applied thereto. 

Accordingly, in the driving circuit of FIG. 1, in actual use, 
as V n] , V„ 2 , V M , and V M , respectively, the reference voltage 
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for applying the voltage of the positive polarity and the Each of the EX-OR gate of the gate circuits 311 through 

reference voltage for applying the voltage of the negative 315 inputs the respective bit values Dl through D5 of the 

polarity are switched at a regular cycle and applied. image data D A from the latching elements 271 through 276, 

Regarding the switching cycle of the voltages V ali V fl2 , and the latching gate 316 inputs the value of the most 

V w , and V t2 , if the driving method of the liquid crystal 5 significant bit D 6. Each EX-OR gate is configured so that, if 

device is such that the polarity of the voltage applied to the the value of the most significant bit D6 is "1," then it inverts 

liquid crystal is inverted at every vertical scanning period (1 the values nf the lower Hits 01 through D5 before il nut puis 

field or 1 frame), then the switching of the voltages is them to the NAND gale in Lhe following stage, or if the value 

performed at every vertical scanning period; if the polarity of the most significant bit D6 is "0," then it outputs the 

is inverted at every horizontal scanning period (so-called 10 values of the lower bits Dl through D5 to the NAND gate 

"line inverting drive"), then the switching of the voltages is in the following stage without inverting them, 

performed at every horizontal scanning period. Further, if Level shifting circuits 81 through 86 are the circuits for 

the polarity is inverted at every column line (so-called shifting, for example, a binary voltage level from 0 V and 5 

"source line inversion") or if the polarity is inverted at every V to 0 V and 12 V; each of them has two output terminals 

pixel (so-called "dot inverting drive"), then the polarities of 15 for a noninverted output and an inverted output. The outputs 

the voltages applied as V al , V a2 , V frJ , and V w with respect of these two output terminals are sent out to the DAC 3 in 

to the reference voltages are different alternately for every the following stage. In FIG. 6, the noninverted output signals 

adjacent unit driving circuit. More specifically, the reference of the level shifting circuits 81 through 86 are denoted by 

voltage applied as V fll is for the positive polarity in the unit LSI through LS6. 

driving circuit of a first data signal line, while the reference 20 In this embodiment, the respective capacitive elements 

voltage applied as V al is for the negative polarity in the unit 311 through 315 are constituted by patterns. Regarding each 

driving circuit of a second data signal line; thus the voltages of the capacitive elements 312 through 315, the capacitive 

are different. The reference voltage for each unit driving element 312 is constituted by connecting in parallel two 

circuit is switched for every vertical scanning period in the capacitors of the same capacitance as that of the capacitance 

case of the source line inversion, or for every horizontal 25 C of the capacitive element 311, the capacitive element 313 

scanning period in the case of the dot inversion. is constituted by connecting in parallel four capacitors of the 

In the first embodiment set forth above and other embodi- same capacitance as that of the capacitance C of the capaci- 

ments to be described below, the description is given, the tive element 311, the capacitive element 314 is constituted 

relationship between the image data Dl through D6 and the by connecting in parallel eight capacitors of the same 

terminals DTI through DT6 may be reversed so that 3n capacitance as that of the capacitance C of the capacitive 

"111111" denotes white and ''000000" denotes black. element 311, and the cupaciiive clement 315 is constituted 

Further, in this embodiment, the same apparently applies to by connecting in parallel sixteen capacitors of the same 

even the orientation of liquid crystal molecules and the capacitance as that of the capacitance C of the capacitive 

setting of the axis of polarization are changed (to the element 311. The reference voltages of the voltages V fll . 

normally black mode) so that the transmittance is high when 35 V fl2 , V w , and V h2 are of AC (the voltage polarity is inverted, 

the output voltage of the DAC is low, while the transmit- for example, for every scanning line, field, or frame); hence, 

tance is low when the output voltage thereof is high. each of the switches 341 through 345 is composed of a 

More detailed configuration and operation of the driving CMOS transistor having two control terminals to enable 

circuit of the first embodiment will now be described with operation regardless of whether the polarity of a signal to be 

reference to FIG. 6 and FIG. 7. FIG. 6 is a detailed circuit 40 controlled is positive or negative. More specifically, the 

diagram of the driving circuit of the embodiment, and FIG. noninverted output signals LSI through LS5 from the level 

7 is a timing chart thereof. In FIG. 7, like constituent parts shifting circuits 81 through 86 are adapted to actuate each of 

as those shown in FIG. 1 are assigned like reference numer- the switches 341 through 345 when the capacitive element 

als and the description thereof will be omitted as necessary. resetting voltages V fll , V„ 2 and the signal line potential 

In FIG. 6, six latching elements 211 through 216 of a first 45 resetting voltages V fcl , V fc2 are positive, while the inverted 

latching circuit 221 are respectively driven by the output output signals from the level shifting circuits 81 through 86 

pulses of a shift register 7; they are adapted to latch 6-bit are adapted to actuate each of the switches 341 through 345 

image data for one pixel on a data line at the same time. Only when the capacitive element resetting voltages V fll , V a2 and 

one unit of driving circuit is shown for the first latching the signal line potential resetting voltages V w , V fc2 are 

circuit 221; however, a similar first latching circuit is con- 50 negative. 

figured also for the unit driving circuit adjoining the latching The operating of the driving circuit configured as illus- 

circuit. In the first latching circuit 221, however, the latching trated in FIG. 6 will now be described with reference to the 

is controlled by a different output of the shift register 7 for timing chart given in FIG. 7. 

each unit driving circuit. In FIG. 7, first, during a previous horizontal scanning 

A second latching circuit 222 is configured so that it 55 period, the first latching circuit 221 sequentially latches the 

captures all bits Dl, D2, . . . , D6 retained at the first latching image data for the number of the horizontal pixels for each 

circuit 221 into each of latching elements 271 through 276 unit driving circuit according to a transfer signal issued in 

by a latch pulse LP0 and outputs them to the data conversion sequence from the shift register 7. Then, when the image 

circuit 23. Like the first latching circuit 221, the second data for one horizontal pixel has been latched and when the 

latching circuit 222 is provided at each unit driving circuit; 60 latch pulse LP0 is generated at time tl in a horizontal 

however, the second latching circuit 222 of each unit driving blanking period, the second latching circuit 222 captures 

circuit is different from the first latching circuit 221 in that each of the bits Dl, D2, . . . , D6 held at the first latching 

it latches at the same time by the same latch pulse LP0. circuit 221 into each of the latching elements 271 through 

The data conversion circuit 23 is made up of five sets of 276 and outputs them to the data conversion circuit 23. 

gate circuits 311 through 315, each of which is composed of 65 Next, when a reset signal RSI is input to the respective 

an EX-OR gate, a NAND gate, and a NOT gate, and a NAND gates of the data conversion circuit 23, the outputs 

latching gate 316. of the EX-OR gates are output to the level shifting circuits 
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81 through 85 via the NOT gates during a period from lj to through D6 of the image data D A to the data conversion 

t 4 (i.e. the horizontal scanning period) during which the reset circuit 23. The data conversion circuit 23 sends out the most 

signal RSI stays at the H level. When the latch pulse LPO is significant bit D6 and the lower hits Dl through D5 without 

input, the most significant bit D6 is output to the level inverting them to the input terminal of the DAC 5 if the 

shifting circuit 86 from the latching gate 316. 5 value of the most significant bit D6 is "0." If the value of the 

In this embodiment, the value of the most significant bit most significant bit D6 is "1," then the data conversion 

D6 is "1" and therefore, a noninverted output LS6 of the circuit 23 inverts the values of the lower bits Dl through D5 

most significant bit D6 from the level shifting circuit 86 is and sends the inverted bits as well as the most significant bit 

switched to the high level at time tl which is the timing at D6 to the input terminal of the DAC 5. 

which the latch pulse LPO is generated. And the actuation of 10 The DAC 5 is comprised of a decoder 51, 25 resistors ^ 

the switch 420 causes the resetting voltage V o2 to appear at through r„ (n«2 5 ) connected in series, and an "n" number of 

a selected terminal a 3 at time tl. Also, the actuation of the switches SW X , through SW n (n»2 5 ). In this case, the value 

switch 430 causes a signal line potential resetting voltage of each "r" of the resistors fj through r„ is set so that the 

V b2 to appear at a selected terminal b 3 at time tl. voltage Vc output according to the value of the combined 

Then, when a reset signal RS2 or its inverted signal (this 15 resistance of the resistors connected in series that are 

inverted signal is denoted by RS2* in FIG. 6) is generated selected among the resistors v l through r M by the image data 

at time t2, the switches 321 through 325 of the capacitive D A changes as shown in FIG. 4(A) except for the last resistor 

element resetting device and the switch 331 of the signal line r rt that is set to r M «r„_!/2. Setting to T n **t n _J2 makes it 

potential resetting device are turned ON. At this time, the possible to set the difference between the transmittance of 

period during which the reset signal RS2 is at the high level 20 the liquid crystal pixel obtained by the output voltage Vc of 

is later than the timing at which the latch pulse LPO is the DAC 5 when D A is "011111" and the transmittance 

generated but earlier than time t3 at which the reset signal obtained by the output voltage Vc of the DAC 5 when D A is 

RSI rises. "100000" to approximately one step of gray scale (one step 

Subsequently, when a reset signal RS3 is generated at of gray scale in logarithm) of a transmittance variation range 

time t3 under a condition where the switch 331 of the signal 25 T of the liquid crystal pixel. 

line resetting device is OFF, the potential of the signal line First and second reference input terminals "d" and "c" are 

is V fc2 , the switches 321 through 325 of the capacitive connected to both ends of the series connection circuit of the 

element resetting device are OFF, and the capacitive ele- resistors v 1 through r K . One end of the switch SW 2 is 

ments 311 through 315 are chargeable, the switches 341 connected to a reference voltage input terminal "d" of the 

through 345 of the bit selective switching circuit are selec- 30 DAC 5 (the end on the side of r 1 of the series connection 

tively turned ON in accordance with the values of the circuit of the resistors r, through r„), and one end of each of 

outputs of the level shifting circuits 81 through 85. In this the switches SW 2 through SW„ is connected to the connec- 

embodiment, only LSI among the outputs LSI through LS5 tion (tap) of r y through r„ of the series connection circuit, 

of the level shifting circuits 81 through 85 is switched to the while the other end of each of the switches SW t through 

H level; therefore, the voltage (the output voltage Vc of the 35 SW M is connected to the output terminal Vc of the DAC 5. 

DAC 3), which is generated by the connection between the A selective circuit 61 is connected to the reference voltage 

capacitive element 311 and the signal line capacitor 310, will input terminal "d' ! of the DAC 5. The selective circuit 61 has 

appear at the output signal line 39, and the output voltage Vc two input terminals d 3 and d 2 and one connection terminal 

is applied to the signal line in the horizontal scanning period. d 3 , voltages Vd x and Vd 2 being input to these terminals. A 

As described in detailed above, according to the first 40 reference voltage input terminal "e" is fixed at a midpoint 

embodiment, the output voltage in accordance with the step potential Ve. In this embodiment, Vd 2 and Ve make up a pair 

of gray scale indicated by the bits of the digital image data of first reference voltages, and Vet, and Ve make up a pair 

D A can be supplied to the respective signal lines of the liquid of second reference voltages. There is an established rela- 

crystal device and the v correction can be made at the same tionship Vdj>Ve>Vd2 between the voltages Vdj, Vd 2 , and 

time. 45 Ve. 

(Second Embodiment) The selective circuit 61 connects a connection terminal d 3 

A second embodiment of the driving circuit of a liquid to an input terminal d 2 when the value of the most significant 

crystal device in accordance with the present invention will bit D6 of input data D A is "0" or it connects the connection 

now be described with reference to FIG. 8. terminal d ? to an input terminal d, when the value of the 

FIG. 8 shows the second embodiment that employs a 50 most significant bit D6 Ls "1." 
resistance ladder type DAC in place of the SC-DAC shown In the driving circuit 12 of FIG. 8, if, for example, the 
in FIG. 1. In FIG. 8, a driving circuit 12 is comprised of a image data D A is "000001," then the most significant bit D6 
shift register 21, a latching device 22 composed of a first is "0"; therefore, the data conversion circuit 23 outputs the 
latching circuit 221 and a second latching circuit 222, a data lower bits Dl through D5 to the decoder 51 without invert- 
conversion circuit 23, and a DAC 5. The configurations and 55 ing them. The selective circuit 61 connects the connection 
functions of the shift register 21, the latching device 22, and terminal d 3 to the input terminal d^. Further, 0, 0, 0, 0, 1 are 
the data conversion circuit 23 are the same as those of the input to five terminals DTI through DT5 of the decoder 51 
first embodiment. In FIG. 8, the same constituent elements (the decode value at this time is "1"), and only the switch 
as those shown in FIG. 1 are given the same reference SW 2 corresponding to a decode value "1" among the 
numerals and the description thereof will be omitted as 60 switches SW X through SW /( will be turned ON. Accordingly, 
necessary. In the second embodiment also, the detailed the voltage Vc as shown below will appear at the output 
configuration (the shift register, the latching means, and the terminal C of the DAC 5: 
data conversion ciro.it) up to the stage preceding the DAC v^vd^-Vd^,^ . . . + rj] 
is identical to that of the first embodiment shown in rlG. 6. 

As in the case of the driving circuit shown in FIG. 1, when 65 If, for example, image data D^ is "1111 10," then the most 

a controller 200 sends out 6-bit image data D^ to the driving significant bit D6 is "1"; therefore, the data conversion 

circuit 12, the latching device 22 sends out the six bits Dl circuit 23 inverts the lower bits Dl through D5 before it 
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outputs them to the decoder 51. The selective circuit 61 The circuit diagram of the above active matrix type liquid 

connects the connection terminal d 3 to the input terminal dj. crystal device is shown in FIG. 10. 

Further, 0, 0, 0, 0, 1 are input to each of the five terminals In FIG. 10, pixels are formed in a matrix pattern in the 

DTI through DT5 of the decoder 51 (the decode value at this active matrix section 707. In the active matrix section 707, 

time is "1"), and only the switch SW A corresponding to the 5 a data signal line 902 is driven by the signal line driver 708 

decode value "1" among the switches SW X through SW„ in which the unit driving circuits described in the first or 

will be turned ON. Accordingly, the voltage Vc as shown second embodiment are disposed to match data signal lines, 

below will appear at the output terminal C of the DAC 5: and the scanning line 903 is driven by the scanning line 

driver 709. Each pixel is comprised of: a thin film transistor 

Vc-VdHVd.-VeMr^r^r^ . . . «„)] j(J ^ ^ ^ COffllccled t0 thc scann i ng 

As in the case of the first embodiment, as the voltages 903, its source connected to the data signal line 902, and its 

Vdj, Vc^, and Ve, the reference voltage used when a voltage drain connected to a pixel electrode (not shown); liquid 

of the positive polarity is applied to the pixels and the crystal 905 disposed between the pixel electrode and a 

reference voltage used when a voltage of the negative common electrode (not shown); and a charge accumulating 

polarity is applied to the pixels are periodically switched to 15 capacitor 906 formed between the pixel electrode and its 

carry out the scanning line reversing drive or the like and are adjacent scanning line. The scanning line driver 709 is 

supplied to each of them. The switching timing is the same constituted by a shift register 900 that sequentially provides 

as that explained in the case of the first embodiment. outputs during every horizontal scanning period to decide 

The configuration of the DAC used for the present inven- the timing for selecting a scanning line, and a level shifter 

tion is not limited to the one in the first or second embodi- 20 901 that receives the outputs of the shift register 900 and 

ment shown in FIG. 1 or FIG. 8 as long as the changes occur outputs a scanning signal of the voltage level that turns the 

from a large gradient to a small gradient in the small TFT 904 ON lu the scanning line 903. 

area/large area of input data value, whereas the changes The signal line driver 708 is provided with a shift register 

occur from small gradient to a large gradient in the large 21, a first latching circuit 221, a second latching circuit, a 

area/small area of the input data value. Various types of the 25 data conversion circuit 23, a DAC 3 or the like as previously 

DAC may be employed. mentioned. 

In the embodiments set forth above, the description has A process (process employing a low temperature poly- 
been given to the cases where the 6-bit digital image data is silicon technique) for forming the driving circuits (the driver 
processed. The present invention, however, is not limited 708), the active matrix section 707 or the like on the 
thereto; it is obvious that the invention may be applied to 30 aforesaid active matrix substrate 702 will now be described 
perform the processing of a variety of digital image data of step by step with reference to FIGS. 11 through 15. 
4 bits, 5 bits, 7 bits, or more. Step 1: First, as shown in FIG. 11, a buffer layer 801 is 

Likewise, in the above embodiments, the values of the formed on an active matrix substrate 800, and an amorphous 

first through fifth bits have been inverted when the value of silicon layer 802 is formed over the buffer layer 801. 

the most significant bit of the image data D A was "1"; 35 Step 2: Then, the whole surface of the amorphous silicon 

alternatively, however, the configuration may be such that layer 802 of FIG. 11 is subjected to laser annealing to make 

the values of the first through fifth bits are inverted (they are the amorphous silicon layer polycrystalline so as to form a 

output as they are when the value of the most significant bit polycrystalline silicon layer 803 as shown in FIG. 12. 

is"l")whenthevalueof the most significant bit of the image Step 3: Next, the polycrystalline silicon layer 803 is 

data D A is "0". 40 patterned to form island regions 804, 805, and 806 as shown 

Further in this embodiment, the normally white mode has in FIG. 13. The island regions 804 and 805 are the layers 

been used; however, the same can be embodied even if the where the active regions (sources and drains) of MOS 

normally black mode is used. transistors employed as each of the switches shown in the 

(Third Embodiment) embodiments are formed. The island region 806 is the layer 

An embodiment of ;i liquid crysUil device which is an as thai provides one pole of the thin film capacitor of thc 

example of the electro-optical device in accordance with the capacitive element shown in the embodiments, 

present invention will be described with reference to FIG. 9 Step 4: Next, as shown in FIG. 14, a mask layer 807 is 

through FIG. 17. formed, and phosphorous (P) ions are implanted only in the 

The driving circuits in each of the embodiments set forth island region 806 that provides one pole of the thin film 

above are employed to drive a liquid crystal device 701 50 capacitor of the capacitive element so that the island region 

shown, for example, in a top plan view (A), a cross-sectional 806 has lower resistance. 

view (B), and a longitudinal sectional view (C) of FIG. 9. Step 5: Next, as shown in FIG. 15, a gate insulating film 
In FIG. 9, liquid crystal 705 is charged between an active 808 is formed, and TaN layers 810, 811, and 812 are formed 
matrix substrate 702 and an opposed substrate (a color filter on the gate insulating film 808. The TaN layers 810 and 811 
substrate) 703; it is sealed by a sealant 704 on the peripheries 55 are the layers that provide the gates of the MOS transistors 
of each of the substrates. A light-shielding pattern 706 is employed as various switches, while the TaN layer 8 12 is the 
formed along the periphery of the active matrix substrate layer that provides the other pole of the thin film capacitor. 
702 excluding the peripheral edge portion. Formed inside After producing these TaN layers, a mask layer 813 is 
the light-shielding pattern 706 is an active matrix section formed, and phosphorous (P) ions are implanted in self- 
707 composed of pixel electrodes, output signal lines (data 60 alignment by using the gate TaN layer 810 as the mask to 
lines), scanning lines or the like. Provided in the foregoing form an n-type source layer 815 and drain layer 816. 
peripheral edge portion are a driver 708 in which as many Step 6: Next, as shown in FIG. 16, mask layers 821 and 
driving circuits in each of the above embodiments as pixel 822 are formed, boron (B) ions are implanted in self- 
array columns are formed, and a scanning line driver 709. alignment by using the gate TaN layer 811 as the mask to 
Further, a mount terminal member 710 is provided on the 65 form a p-type source layer 821 and drain layer 822. 
outer side of the scanning driver 709 in the peripheral edge Step 7: Next, as shown in FIG. 17, an interlayer insulating 
portion. film 825 is formed and contact holes are formed in the 
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interlayer insulating film, then electrode layers 826, 827, 
828, and 829 composed of ITO or Al are formed. Electrodes 
are connected also to the TaN layers 810, 811 and 812, and 
the polycrystalline silicon layer 806 via the contact holes 
although they are not shown in FIG. 17. Thus, an n-channel s 
TFT and a p-channel TFT employed as each of the switches 
of the driving circuit, and a MOS capacitor used as the 
capacitive element also of the driving circuit are produced. 

Using the steps 1 through 7 set forth above permits easier 
manufacture of the liquid crystal device including the driver 
circuitry and also enables reduced cost to be achieved. The 
polysilicon provides significantly higher mobility of carriers 
than amorphous silicon, so that it permits high-speed 
operation, which is advantageous in achieving higher per- 
formance of the circuit. 

A process employing amorphous silicon may be used in 15 
place of the manufacturing process set forth above. 

The driving circuits of the liquid crystal devices of the 
embodiments described above may be constituted by thin 
film transistors, resistive elements and capacitive elements 
formed by silicon thin film layers or metal layers on a glass 20 
substrate made of quartz glass, no n- alkali glass or the like, 
or they may be formed on other substrates (e.g. synthetic 
resin substrates and semiconductor substrates) other than the 
glass substrates. In the case of a semiconductor substrate, 
metallic reflector electrodes are used for pixel electrodes, the 25 
transistor elements, resistive elements, and capacitive ele- 
ments are formed on the surface of the semiconductor 
substrate or the surface of the substrate, and a glass substrate 
is used for the opposed substrate, thereby to accomplish a 
reflective type liquid crystal device having liquid crystal 30 
held between the semiconductor substrate and the glass 
substrate. When forming the driving circuits on the glass 
substrate having a lower melting point, it is preferable to use 
the manufacturing process employing the low temperature 
polysilicon technique (TFT process) to improve reliability. 35 

The liquid crystal devices in the embodiments described 
above are of the active matrix type; however, there are no 
restrictions on the type of the liquid crystal device, and other 
types than the active matrix type can be used. Further, 
various types of DAC may be used; when forming the 40 
circuits on the glass substrate, however, it is preferable to 
employ the SC type DAC or the resistance ladder type DAC 
to achieve reduced variations in the operating characteristics 
and improved reliability. In the embodiments set forth 
above, the present invention has been applied to the liquid 45 
crystal device as an example of the electro -optical device; 
however, the same or similar advantages can be expected by 
applying the present invention as long as the electro-optical 
device exhibits nonlinear optical characteristic with respect 
to driving voltage. 50 

In particular, when forming the driving circuits in each of 
the embodiments on silicon substrates, it is preferable to use 
the resistance ladder type DAC which makes it easy to 
produce high resistance in a relatively small area and to 
minimize variations. Likewise, when using the silicon semi- 55 
conductor substrate, it is preferable to configure a reflective 
type liquid crystal panel. Conversely, when forming the 
driving circuits on the glass substrate, the use of the 
SC-DAC makes it possible to configure the device by using 
elements of relatively small areas, so that the area of the 60 
whole circuitry can be made smaller, providing advantages. 

In particular, even when the driving circuits are formed on 
the glass substrate by the manufacturing process employing 
the low temperature polysilicon technique, the SC-DAC 01 
the resistance ladder type DAC can be used as the DAC, 65 
enabling smaller driving circuits to be accomplished without 
complicating the circuit configuration. 
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Diverse embodiments of the liquid crystal device driven 
by the aforesaid driving circuits manufactured using the 
active matrix substrate described above and electronic 
equipment such as a portable computer and a liquid crystal 
projecior having the liquid crystal device will now be 
described. 

(Fifth Embodiment) 

As illustrated in FIG. 18, a liquid crystal device 850 is 
constructed by a backlight 851, a polarizer 852, a TFT 
substrate 853, liquid crystal 854, an opposed substrate (a 
color filter substrate) 855, and a polarizer 856 that are 
assembled in the order in which they are listed. In this 
embodiment, a driving circuit 857 is formed on the TFT 
substrate 853 as described above. 
(Sixth Embodiment) 

As shown in FIG. 19, a portable computer 860 has a main 
unit 862 provided with a keyboard 861, and it liquid crystal 
display screen 863. 
(Seventh Embodiment) 

As shown in FIG. 20, a liquid crystal projector 870 is a 
projector employing a transmissive type liquid crystal panel 
as a light valve; it uses, for example, a 3-panel prism type 
optical system. In the projector 870 shown in FIG. 20, the 
projection light emitted from a lamp unit 871, which is a 
white light source, is separated into three primary colors, 
namely, R, G, and B, through a plurality of mirrors 873 and 
two dichroic mirrors 874 in a light guide 872 and the three 
color fight beams are guided to three liquid crystal panels 
875, 876, and 877 that display the images of the respective 
colors. The light beams that have been modulated by the 
respective liquid crystal panels 875, 876, and 877 are 
incident upon a dichroic prism 878 from three directions. 
The light beams of R (red) and B (blue) are bent by 90 
degrees through the dichroic prism 878, whereas the light 
beam of G (green) goes straight therethrough, so that the 
images of the respective colors are synthesized thereby to 
project a color image on a screen or the like through a 
projection lens 879. 

Electronic equipment to which the present invention can 
be applied includes an engineering workstation, a paijer or 
a portable telephone, a word processor, a TV set, a view- 
finder type or monitor viewing type video camera, an 
electronic pocketbook, an electronic desktop calculator, a 
car navigation device, a POS terminal, and a variety of 
devices provided with touch panels. 

As described above, according to each of the 
embodiments, it is possible to achieve a reliable driving 
circuit of a liquid crystal device that is compatible to digital 
image signals, provides stable operating characteristics with 
controlled variations, and provides the DA converting func- 
tion and the y correcting function (or an auxiliary function 
for the y correction) by a relatively simple and a small-scale 
circuit configuration, and a liquid crystal device and a 
variety of electronic equipment employing the driving cir- 
cuit. 

INDUSTRIAL APPLICABILITY 

The driving circuit of an electro -optical device in accor- 
dance with the present invention can be used as the driving 
circuit for driving a transmissive or reflective type liquid 
crystal device, and further, it can be used as the driving 
circuit for driving diverse electro-optical devices that exhibit 
nonlinear changes in optical characteristics with respect to 
the changes in driving voltage while correcting the nonlin- 
earity at the same time. Moreover, the driving circuit of the 
electro -optical device in accordance with the present inven- 
tion can be used for a variety of electro-optical devices 
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constructed using such a driving circuit and also for elec- 
tronic equipment or the like constituted using such electro- 
optical devices. 
What is claimed is: 

1. A driving circuit of an electro-optical device that 5 
supplies an analog image signal, which has a driving voltage 
corresponding to an arbitrary gray scale level among 2^ 
(where N is a natural number) steps of gray scale, to a signal 
line of an electro -optical device in which changes in an 
optical characteristic thereof with respect to changes in said 
driving voltage are nonlinear; said driving circuit of an 1 
electro-optical device comprising: 

an input interface to which an N-bit digital image signal 
indicative of said arbitrary gray scale level is appb'ed; 
and 

a digital-to-analog converter that generates a driving 
voltage within a first driving voltage range defined by 
a first pair of reference voltages or within a second 
driving voltage range defined by a second pair of 
reference voltages according to a bit value of said 2Q 
digital image signal and corresponding to the gray scale 
level of said digital image signal so that changes in said 
driving voltage with respect to changes in the gray 
scale level of said digital image signal are nonlinear; 
the digital-to-analog converter generates a voltage 
within the range of the first pair of reference voltages 
if said applied digital image signal indicates a gray 
scale level from a first to m-lth value (where "m" is a 
natural number and 1 <m = 2 N ), and generates a voltage 
within the range of the second pair of reference volt- 3Q 
ages adjacent to said first driving voltage range if said 
digital image signal indicates a gray scale level from an 
m-th to Z^-th value, and supplies said analog image 
signal including said generated driving voltage to said 
signal line. 35 

2. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein a first reference voltage of said first 
pair of reference voltages is greater than the second refer- 
ence voltage of said first pair of reference voltages; and 

a first reference voltage of said second pair of reference 4Q 
voltages is less than the second reference voltage of 
said second pair of reference voltages, a change in said 
driving voltage corresponding to a change in the gray 
scale having an inflection point within ranges defined 
by said first pair of reference voltages and said second 45 
pair of voltages respectively. 

3. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein: 

the value of said : 'm" is equal to 2^ -1 ; 

lower N-l bits of said digital image signal are selectively 50 
applied to said digital-to-analog converter either 
inverted or non- inverted according to a value of a most 
significant bit of said digital image signal; and 

said digital-to-analog converter generates a voltage in the 
range of said first reference voltages if said lower N-l 55 
bits are applied non-inverted, and generates a voltage in 
the range of said second reference voltages if said 
lower N-l bits are inverted before being applied 
thereto. 

4. The driving circuit of an electro-optical device accord- 60 
ing to claim 3, further comprising a selective inverting 
circuit for selectively inverting said lower N-l bits depend- 
ing upon the value of said most significant bit, said selective 
inverting circuit being provided between said interface and 
said digital-to-analog converter. 65 

5. The driving circuit of an electro-optical device accord- 
ing to claim 1, further comprising a selective voltage supply 
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circuit for selectively supplying either said first or second 
reference voltages to said digital- to- analog converter 
according to a value of a most significant bit of said digital 
image signal. 

6. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein said digital-to-analog converter 
comprises a switched capacitor type digital-to-analog con- 
verter that generates driving voltages in the ranges of said 
first and second reference voltages, respectively, by means 
of charging a plurality of capacitors. 

7. The driving circuit of an electro-optical device accord- 
ing to claim 6, wherein said first reference voltages include 
a pair of voltages that enable a voltage in said first driving 
voltage range to be selectively generated, and said second 
reference voltages include a pair of voltages that enable a 
voltage in said second driving voltage range to be selectively 
generated. 

8. The driving circuit of an electro-optical device accord- 
ing to claim 7, wherein: 

the value of said "m" is equal to 2* _1 ; 

the lower N-l bits of said digital image signal are 
selectively applied to said switched capacitor type 
digital-to-analog converter either inverted or non- 
inverted before being applied thereto according to a 
value of a most significant bit of said digital image 
signal; and 

said switched capacitor type digital-to-analog converter 
generates a voltage in the range of said first reference 
voltages if said lower N-l bits are applied non- 
inverted, and generates a voltage in the range of said 
second reference voltages if said lower N-l bits are 
inverted before being applied thereto. 

9. The driving circuit of an electro-optical device accord- 
ing to claim 6, wherein said switched capacitor type digit al- 
to- analog converter comprises: 

a first through an N-lth capacitive elements, each capaci- 
tive element respectively having a pair of opposed 
electrodes, wherein one of said first reference voltages 
or one of said second reference voltages is selectively 
applied to one of said opposed electrodes according to 
a value of a most significant bit of the digital image 
signal; 

a capacitive element resetting circuit for short-circuiting 
said pair of opposed electrodes in each of said first 
through N-lth capacitive elements so as to discharge 
electric charges therein; 

a signal line potential resetting circuit for selectively 
resetting a potential of said signal line to the other of 
said pair of first reference voltages or the other of said 
pair of second reference voltages according to the value 
of said most significant bit; and 

a selective switching circuit including a first through 
N-lth switches that selectively connect said first 
through N-lth capacitive elements to said signal lines, 
respectively, according lo values of lower N-l bits 
after the discharge by said capacitive element resetting 
circuit and the resetting by said signal line potential 
resetting circuit. 

10. The driving circuit of an electro -optical device accord- 
ing to claim 9, wherein: 

the capacitance of said first through N-lth capacitive 
elements is set to Cx2 ,_1 where C is a predetermined 
unit capacitance, and i is a positive integer between 1 
and N-l. 

11. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein the values of said first and second 
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reference voltages are set so that a difference between said 
driving voltage corresponding to the m-lth gray scale level 
and said driving voltage corresponding to the m-th gray 
scale level is smaller than a predetermined value. 

12. The driving circuit of an electro-optical device accord- 
ing to claim 11, wherein the values of said first and second 
reference voltages are set so that a ratio of said optical 
characteristic where said electro-optical device is driven by 
said driving voltage corresponding to the m-lth gray scale 
level to said optical characteristic where said electro-optical 
device is driven by said driving voltage corresponding to the 
m-th gray scale level is equivalent to one gray scale level 
obtained by dividing a variation range of said optical char- 
acteristic by (2^-1). 

13. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein said digital-to-analog converter 
comprises a resistance ladder that divides said first and 
second reference voltages, respectively, by a plurality of 
resistors connected in series. 

14. The driving circuit of an electro-optical device accord- 
ing to claim 13, further comprising a selective voltage 
supply circuit for selectively supplying either said first or 
second reference voltages to said digital -lo-analog convener 
according to a value of a most significant bit of said digital 
image signal, and 

said digital-to- analog converter further comprising: 

a decoder that decodes lower N-l bits of said digital 

image signal and outputs decoded signals through 

output terminals, and 

2 N ~ l switches, one terminal of each of said 2 /v " 1 
switches connected to each of a plurality of taps from 
said plurality of resistors and another terminal 
thereof connected to each of said signal lines, each 
2 // ~ 1 switch respectively operated according to the 
decoded signals output through said 2 N ~* output 
terminals. 

15. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein said signal lines are provided with 
predetermined capacitors in addition to a parasitic capaci- 
tance of said signal lines. 

16. The driving circuit of an electro-optical device accord- 
ing to claim 1, wherein said electro-optical device is a liquid 
crystal device comprising a liquid crystal held between a 
pair of substrates, and said driving circuit is formed on one 
of said substrates. 

17. The driving circuit of an electro-optical device accord- 
ing to claim 16, wherein said first and second reference 
voltages are respectively supplied to said digital-to -analog 
converter with a voltage polarity with respect to a predeter- 
mined reference potential being inverted for each horizontal 
scanning period. 

18. An electro-optical device comprising the driving 
circuit according to claim 1. 

19. Electronic equipment comprising the electro-optical 
device according to claim 18. 

20. The driving circuit of an electro-optical device accord- 
ing to claim 2, wherein at least one pair among a pair of 
terminals for the first reference voltages and a pair of 
terminals for the second reference voltages are disposed so 
that a pair of terminals can be connected to an identical 
connecting terminal. 

21. A driving method of an electro-optical device having 
a digital-to-analog converter that supplies an analog image 
signal, which has a driving voltage corresponding to an 
arbitrary gray scale level among 2^ (where N is a natural 
number) gray scale level, to a signal line of the electro - 
optical device in which changes in an optical characteristic 



10 



15 



25 



30 



35 



45 



50 



55 



60 



65 



with respect to changes in said driving voltage are nonlinear, 
said driving method comprising the steps of: 

supplying an N-bit digital image signal indicative of said 
arbitrary gray scale level to said digital- to -analog con- 
verter; 

generating a voltage within a range of a first pair of 
reference voltages or a second pair of reference volt- 
ages according to a bit value of said digital image signal 
to produce said driving voltage corresponding to the 
gray scale level of said digital image signal so that the 
changes in said driving voltage with respect to the 
changes in the gray scale of said digital image signal 
are nonlinear, wherein the voltage is generated within 
the range of the pair of first reference voltages if said 
applied digital image signal indicates a first to m-lth 
gray scale level (where "m" is a natural number and 
l<m^2 w ) and the voltage is generated within the range 
of the pair of second reference voltages if said digital 
image signal indicates an m-th to 2^-^ gray scale 
level; and 

supplying said analog image signal having said generated 
driving voltage to said signal line. 

22. A driving circuit for an electro-optical device, com- 
prising: 

an in put interface that receives an input N-bit digital 
image signal representing a gray scale value in a range 
of 2 N gray scale values (N is a natural number); and 

a digital-to-analog converter that generates an analog 
driving voltage corresponding to the input digital 
image signal, and that supplies the analog driving 
voltage to a signal line, the digital-to-analog converter 
simultaneously generating the analog driving voltage 
for, and performing gamma correction with respect to, 
the input digital image signal, wherein the digital-to- 
analog converter generates the analog driving voltage 
in a first driving voltage range defined by a first pair of 
reference voltages if the input digital image signal 
represents a gray scale value from a first to an m-l th 
value (where m is a natural number and l<m^2^, and 
generates the analog driving voltage in a second driving 
voltage range defined by a second pair of reference 
voltages if the input digital image signal value repre- 
sents a gray scale value from an m th to a 2 AW| value. 

23. The driving circuit of an electro -optical device accord- 
ing to claim 22, wherein a voltage polarity of said firsi pair 
of reference voltages and a voltage polarity of said second 
pair of reference voltages supplied to said digital-to-analog 
converter are set to be opposite from each other so that a 
change in said driving voltage corresponding to a change in 
the gray scale has an inflection point between said first and 
second driving voltage ranges. 

24. The driving circuit of an electro -optical device accord- 
ing to claim 22, wherein: 

the value of said "m" is equal to 2 v " a ; 

lower N-l bits of said digital image signal are selectively 
applied to said digital-to-analog converter either 
inverted or non-inverted according to a value of a most 
significant bit of said digital image signal; and 

said digital-to- analog converter generates a voltage in the 
range of said first reference voltage if said lower N-l 
bits are non- inverted, and generates a voltage in the 
range of said second reference voltage if said lower 
N-l bits are inverted. 

25. The driving circuit of an electro -optical device accord- 
ing to claim 24, further comprising a selective inverting 
circuit for selectively inverting said lower N-l bits depend- 
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ing upon the value of said most significant bit, said selective 
inverting circuit being provided between said interface and 
said digital-to-analog converter. 

26. The driving circuit of an electro-optical device accord- 
ing to claim 22, further comprising a selective voltage 5 
supply circuit for selectively supplying either said first or 
second reference voltages to said digital -to- analog converter 
according to a value of a most significant bit of said digital 
image signal. 

27. The driving circuit of an electro-optical device accord- 10 
ing to claim 22, wherein said digital-to-analog converter 
comprises a switched capacitor type digital-to-analog con- 
verter adapted to generate voltages in the ranges of said first 
and second reference voltages, respectively, by means of 
charging a plurality of capacitors. 15 

28. The driving circuit of an electro-optical device accord- 
ing to claim 27, wherein said first reference voltages include 
a pair of voltages that enable a voltage in said first driving 
voltage range to be selectively generated, and said second 
reference voltages include a pair of voltages that enable a 20 
voltage in said second driving voltage range to be selectively 
generated. 

29. The driving circuit of an electro-optical device accord- 
ing to claim 28, wherein: 

the value of said "m" is equal to 2 iV_1 ; 25 
the lower N-l bits of said digital image signal are 
selectively applied to said switched capacitor type 
digital-to-analog converter either inverted or non- 
inverted before being applied thereto according to a 
value of a most significant bit of said digital image 30 
signal; and 

said switched capacitor type digital-to-analog converter 
generates a voltage in the range of said first reference 
voltages if said lower N-l bits are applied non- 35 
inverted, and generates a voltage in the range of said 
second reference voltages if said lower N-l bits are 
inverted. 

30. The driving circuit of an electro-optical device accord- 
ing to claim 27, wherein said switched capacitor type 
digital-to-analog converter comprises: 

a first through an N-lth capacitive elements, each capaci- 
tive element respectively having a pair of opposed 
electrodes, wherein one of said first reference voltages 
or one of said second reference voltages is selectively 
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applied to one of said opposed electrodes according to 
a value of a most significant bit of the digital image 
signal; 

a capacitive element resetting circuit for short-circuiting 
said pair of opposed electrodes in each of said first 
through N-lth capacitive elements so as to discharge 
electric charges therein; 

a signal line potential resetting circuit for selectively 
resetting a potential of said signal line to the other of 
said first reference voltages or the other of said second 
reference voltages according to the value of said most 
significant bit; and 

a selective switching circuit including a first through 
N-lth switches that selectively connect said first 
through N-lth capacitive elements to said signal lines, 
respectively, according to values of lower N-l bits of 
the digital image signal afler the discharge by said 
capacitive element resetting circuit and the resetting by 
said signal line potential resetting circuit. 

31. The driving circuit of an electro-optical device accord- 
ing to claim 30, wherein: 

the capacitance of said first through N-lth capacitive 

elements is set to Cx2 i-J 
where C is a predetermined unit capacitance, and i is a 

positive integer between 1 and N-l . 

32. The driving circuit of an electro -optical device accord- 
ing to claim 22, wherein the values of said first and second 
reference voltages are set so that a difference between said 
driving voltage corresponding to the m-lth gray scale level 
and said driving voltage corresponding to the m-th gray 
scale level is smaller than a predetermined value. 

33. The driving circuit of an electro -optical device accord- 
ing to claim 32, wherein the values of said first and second 
reference voltages are set so that a ratio of an optical 
characteristic of said electro-optical device driven by said 
driving voltage corresponding to the m-lth gray scale level 
to an optical characteristic of said electro -optical device 
driven by said driving voltage corresponding to the m-th 
gray scale level is equivalent to one gray scale level obtained 
by dividing a variation range of said optical characteristic by 
(2- 1 ). 
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POWER PARTITIONED MINIATURE on three distinct substrates with different feature sizes and 

DISPLAY SYSTEM operating in different power zones. The display controller 

and other high speed logic are formed on one substrate. The 
BACKGROUND display, DACs and LUTs are formed on a second substrate, 

(1) Field of the Invention 5 and hig 1 h VolU !f f ° r dri ™8 } hc u LEDs and the 

L, . . , cover glass voltage is formed on a third substrate. 

The invention relates to a small power efficient display 

system- More specifically, the invention relates to partition- BRIEF DESCRIPTION OF THE DRAWINGS 
ing the display system into distinct power zones to minimize 

power consumption and size. 10 FIGS, la and lb are block diagrams of alternative con- 

(2) Background figurations of a display system of one embodiment of the 
t • . , , 1 . , , „ invention. 

Liquid crystal displays have been known generally for _._ . 

many years. Initially, liquid crystal displays were formed on ™ G ' 2 15 \ b[oc ^ dia S ram of a dls P la V s y stcm of one 

embodiment of the invention. 



amorphous silicon substrates. Amorphous silicon tended to 



be slow, relatively large, and unsuited for formation of high 15 FIG. 3 is an exemplary state diagram of one embodiment 

speed logic and other device types. Liquid crystal displays °f me state machine. 

then evolved into a polysilicon style which still had inad- FIG. 4 is a block diagram of a safety timer of one 

equate speed and logic compatibility characteristics. More embodiment of the invention. 

recently, crystalline silicon has been employed to manufac- FIG. 5 is a schematic of a safety timer of one embodiment 

ture very small liquid crystal on silicon (LCOS) displays. 20 0 f tne mve ntion. 
These displays are much faster than the displays which use 

polysilicon to form display devices and can permit high DETAILED DESCRIPTION 

speed driving of the individual pixels on display. In minia- , 

ture displays, the chaUenge is to make the displays as small c FIG ?* ia and } b arc block dja f ams of alternative con- 
as possible and to also minimize power consumption, as 25 figurations of a display system of one embodiment of the 
these displays are increasingly used in a mobile environment *vcntioa In FIG k, a video source subsystem 10 includes 
with limited power resources. a vldco sourcc 12 C0U P led to a low voIta S e differential 
™ fl . /TIIT .. „ , , signaling (LVDS) transmitter 14. LVDS transmitters and 
■ ^' T ° A 0 ,°^ UP * < V S) r g6nera f " y underst0 ° d receivers are commercially available, and LVDS signaling is 
in the art. A LUT is effectively a ksting of output codes „ well-known in the art. A video signal from the 
which correspond to die possible input codes. The LUT 30 vWeo u js mavettei b the LVDS transmitter and 
performs a mapping or the input code lo .he .output code, lransmiUed in a standard manner across , cable l0 aD LVDS 
though the input code and output code may have different receiver 22 m headset sub tem 20 . A dis ^ 
ranges. Typically, when LUTs are used in the context of wi(h embedded m 24 receives the tmt t of (he LVDS 
displaying graphical data, three LUTs are employed to carry receiver 22 >nd stores ^ subframes of the image dala in the 
output codes corresponding to each ot tee color components embedded memory. Subframes are then sent out to display 
(e.g. red, green, and blue of a pixel The subsequent three chi 2fi which is alsQ wi(hin ^ ^ ^ A 
output codes are all simultaneously driven to the display to fai h vol latfom 2g within ^ headset sub tem 20 is 
create the image of the color specified. Usmg three LUTsper m led t0 the dis , chi 26 and responsible for drivi 
pixel implies non-tnv,al die space to form the three LUTs, ^ cover , ass volt (CGV) of , he djs k In m 

as weU as power consumption by aU those tables. In the 40 tjye embodiment, by changing certain design parameters, the 

context of miniature displays, it is desirable to minimize CGV be drive[] from ^ ^ , substra , e For , 

both die space and power consumption. , he CGV range ^ be reslrjcted (0 be driveQ by a voUage 

Because driving consecutive positive frames may cause range that can be supplied directly from the display substrate 

liquid crystal malfunctions, liquid crystal display pixels are ^ sucn as (| ( t) 5 volts. 

invariably driven by an alternating voltage having a positive; 4 FIG. lb shows a system employing the same components 

and negative swing. While this places certain powering in a slightly differenl conflgurationi Specifically, video 

constraints on the system, it also necessitates use of frame sourcc subsyslem 30 has video source 12 coupled to display 

inversion techniques in which the frame data is inverted to contro i] cr with memory 24 (possibly embedded) which in 

be driven by a negative signal. The requtred data inversion 50 lum provides its oulput t0 the LVDS transmitter 14 l0 be 

mcreases complexity of the display controller as well as cab]ed t0 lhe LVDS receivcr 12 m lhc headset subsystem 40. 

power consumption and die are required. Thc disp]ay chip 26 then reccives thc outpm of thc LVDS 

It is also known in the art that liquid crystal displays can receiver 22 and is supplied power in the same manner by 

be damaged if exposed to DC voltage for a significant period high voltage platform 28 as described with reference to FIG. 

of time. Thus, efforts have been made to reduce the risk of 55 l a above. The tlexibility of the display controller and 

such damage. However, in the case of systems where the memory 24 to provide or receive LVDS signaling and also 

display is remote from the display controller, improper cable the display chip 26 to receive LVDS signaling permits 

connections, a crash at the controller, or even a damaged significant flexibility in system design, Co-pending U.S. 

cable can cause large and damaging voltages to be driven to patent application Ser. No. 09/222,230, filed Dec. 29, 1998, 

a liquid crystal display. The problem arises how to protect 60 describes an example of a display which may be used with 

the display from damages as a result of likely faults. embodiments of the invention, including the systems of 

Solutions to this problem are largely absent in the existing FIGS, la or lb; that application is hereby incorporated by 

art. reference. 

BRIEF SUMMARY OF THE INVENTION " G ;. 2 is a f b ' ock dia 8 ram , of » s y«°EJ ° f ° ne 

65 embodiment of the invention. In this diagram, LVDS trans- 

A system and method to reduce power consumption in a mitters and receivers are not shown, but it is within the scope 

miniature display system is disclosed. The system is formed and contemplation of the invention to configure the system 
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of FIG- 2 as shown in la or lb, or the LVDS components 314, and Blue Enable 316. These values are provided to the 

may be omitted entirely. The system is segregated into three LED driver 308 and are the basis on which the LED driver 

distinct power zones, 100, 200, 300. Power zone 200 308 drives the corresponding LEDs. CG V 318 is a ten bit 

includes a substrate 202 which has a display 204 formed value that is provided to the CGV generator 306 from which 

thereon. In one embodiment, display 204 is a liquid crystal 5 l " e CGV generator 306 generates the appropriate voltage for 

on silicon (LCOS) display. Also formed on substrate 202 are the cover glass over substrate 202. A final bit of control 

a plurality of digital to analog converters (DACs) 206 which agister 304 is the power bit 320 which causes substrate 302 

drive display 204. Coupled to the DACs and also formed on t0 be P owered or not Peered, depending on whether the 

substrate 202 are a plurality of lookup tables (LUTs) 208 in P ower blt 15 actlve - 

a one-to-one correspondence with the DACs. A set of control io Also coupled to the substrate 202 is display controller 

registers 214 are formed on substrate 202 and used to control substrate 102 existing within power zone 100. A coupling of 

the function of the other devices formed on substrate 21)2 substrate 102 to substrate 202 may be local or via cable 

and also provide control signals to a high-power platform in through a pair of LVDS interfaces. Substrate 102 includes a 

power zone 300. A safety timer 212 is formed on a substrate logic unit 104 which functions as a display controller for the 

202. Safety timer 212 is used to drive the display into a safe 15 display. The logic unit 104 includes a state machine 106 

state in the event of certain system malfunctions. Safety which drives data in a color sequential manner to the display, 

timer 212 is described in further detail with respect to FIGS. Aparser 108 may also be provided which accepts data in an 

4 and 5 below. Interface 210 formed on substrate 202 may RGB format and converts it to a parallehzation of R, and 

be a LVDS compliant interface and is responsible for then G, and then B. A storage unit 116, which may be 

directing incoming data appropriately to the LUTs 208 or the 20 embedded dynamic random access memory (DRAM), is 

control register space 214. The control register space also formed on substrate 102. A storage unit should include 

includes registers required to manage display functions and at least two logically distinct subuniis. 

registers to hold control information to be sent to substrate By using two to six logically or physically distinct 

302 (discussed below). Among the control registers are a subunits, each with its own memory interface, a number of 

DAC standby register to power and remove power from the 25 advantages are obtained. By way of example, because the 

DACs, a start of frame registers to signal the start of a new display is driven in a time sequential manner with a clock 

frame, LED enable register, and a cover glass voltage speed of 100 MHz and four pixels are to be supplied to the 

register. Additional useful registers will occur to one of display for each clock, a data rate of 400 megapixels from 

ordinary skill in the art. Typically, the display 204 occupies the memory to the display is required. This data rate must be 

80-90% of the die space of substrate 202. It operates at a 5 30 maintained for an entire subframe which, for a 480,000 pixel 

V level and is driven by TTL level outputs. Thus, the display of one embodiment of the invention, is approxi- 

formation of the devices on substrate 202 should be formed mately 1.2 milliseconds. If no parser is provided such that 

with a process having a feature size compatible with these the data is stored in RGB format, three times the data rate 

needs. It has been found that 0.8 feature size is satisfactory. between memory and a temporary storage, such as a FIFO, 

For even lower power consumption, a 0.45 ju feature size 35 is required. Moreover, the FIFO must be large enough to 

could be used for substrate 202, while still maintaining 5 V supply sufficient subframe daia while the incoming image 

operation if desired. frame occupies the memory interface. Additionally, rela- 

Substrate 202 is coupled to a substrate 302 which resides lively large FIFOs must be supplied on the incoming side to 

in power zone 300. Substrate 302 is manufactured with a hold the data while the output side (or another subumt of the 

much larger feature size because of its voltage requirements. 40 input side) is being serviced. Even with the parser present 

Particularly the cover glass voltage (CGV) generator 306 such that the data is stored in separate logical storage areas, 

generates the voltage for the cover glass of the display 204. first red, then green, then blue, the complexity of the 

In one embodiment, the cover glass voltage requirements memory controller and FIFO is required for each subumt 

dictate that it be driven between a +6 V and -2 V. increase in both power usage and die space. In this example, 

Co-pending U.S. patent application Ser. No. 08/801,994, 45 the memory controller would need to handle four data 

filed Feb. 18, 1997. and U.S. patent application Ser. No. streams (three in, one out) with different clock rates between 

08/994,033, filed Dec. 18,1997, describe examples of volt- the streams in and the streams out. By employing six 

ages which may be applied to a cover glass in exemplary independently accessible memory subunits (two sets of 

embodiments, and these applications are hereby incorpo- three, one for each subframe of the current frame, and one 

rated by reference. To supply this range, a larger feature size 50 for each subframe of the next frame), each with their own 

needs to be employed in the formation of CGV generator memory interface, memory access is significantly simplified 

306. A3 ft process has been found suitable. Also on substrate such that a simpler memory controller may be employed, 

302 is part of an LED driver 308 which enables the red, smaller or no FIFOs may be used, and the memory to 

green and blue LEDs which illuminate the display 204 in a outgoing FIFO operational speed can be significantly 

time sequential manner. Because it uses a significantly larger 55 reduced. 

process, operations on substrate 302 occur at a much slower As shown, storage unit 116 is shown composed of six 

rate than, for example, on substrate 202. Moreover, for space subunits 120 and 118. Each subunit is presumed to have it 

reasons, it is desirable to keep the circuitry on substrate 302 own independent memory interface in this embodiment of 

to a minimum. A simple data interface exists between the invention, because a frame will be displayed simulla- 

substrate 202 and substrate 302 consisting of three lines, a 60 neously with one being loaded, the system ping pongs back 

data-in line, a clock line, and a load line. The daia-in and forth between subunits 118 and subunits 120 for 

supplies data to a shift register 310 which shifts data into the loading/displaying. A LUT data storage unit 114 which may 

shift register 310 responsive to the clock. Once the shift be part of storage unit 116 or formed as a separate memory 

register 310 is full, a load signal along the load line causes type, such as SRAM, is also provided. LUT data storage 114 

the data in the shift register 310 to be transferred to control 65 retains six LUT data sets, one corresponding to each of R, 

register 304. Control register 304 is shown exploded out. It G, B, U, B. This permits the system to use an inverted 

contains three LED enables, Red Enable 312, Green Enable LUT data set rather than inverting the data itself, providing 
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greater flexibility in the inverting algorithm. Another provides the necessary mapping of six bit color data to eight 

embodiment permits the use of only three LUT data sets R, bit display data. The LUT data set is selected to accommo- 

G, and B with inverses generated by logic 106. In such date for non-linearities in the DACs 206 and the liquid 

embodiments, a small amount of storage is saved at a cost crystal response to the particular color. LUTs may also be 

of more stringent DAC linearity requirements. 5 used to perform gamma correction, for example. While to 

In one embodiment, interfaces 110 and 112 are both first order, e.g. R and R LUT data sets are true inverses of 

LVDS compliant, allowing greater flexibility in the posi- each other, in reality, secondary effects such as the difference 

tioning of the controller relative to the display. Interface 110 in non-linearity of the liquid crystal or the DAC when 

may optionally provide conversion from a YUV format to exposed to a negative voltage may require greater difference 

RGB format. Additionally, either interface 110 or parser 108 1Q between the positive and inversed LUT data set. This ability 

truncates incoming color data by dropping the two least to compensate for these differences provides improved 

significant bits thereby changing the resolution from eight image quality of standard frame inversion techniques, 

bits per color to six bits per color, as stored in a storage unit Because a relatively small amount of data is required for 

116. This permits the controller chip to send four pixels (of LUTs> mov ing it from the controller chip to the display chip 

six bits each) simultaneously to the display chip using has a negligible effect on system efficiency. It is also possible 

standard LVDS techniques. The lookup table then maps the tQ load al] four LUTs simultaneously with the same data, 

six bits into eight bits. Aset of LUT data is basically a listing thcreb increasing the efficiency of the transfer. By loading 

of output codes that correspond to each possible input code. ^ LUTs bcforc each subframCt mc number of LUXs 

Since the shown embodiment uses six bit input code, that ^ { chi ^ reduccd ^ ^ ^ 

implies 64 output codes selected from a 256 possible output "J c * L n * 

K rr^_. * . c j •* *u tiit* f m on reduces power consumption 01 the overall system, 
codes. This expansion of codes permits the LUT to perform 20 * r r , 
gamma correction, correct forthe non-linearity of the system Subsequently, the color data is applied to the LUTs with 
components, and address other human factors. Notably, one P ixel t0 each LUT > tbus > four P 1 ^ ( in same 
since the 64 output codes are of eight bits each, moving a monochrome subframe) are processed simultaneously and 
LUT data set in the shown embodiment is accomplished by then driven by the DACs onto the display. An entire sub- 
moving 64 bytes of data. This is a trivial percentage of the 25 frame is driven to the display after which the display is 
data moved in a subframe. Moreover, there is a period of illuminated by the corresponding LED color. Subsequently, 
time after the subframe data is loaded into the display during the other two subfrarnes are in turn driven to the display and 
which the liquid crystal is permitted to settle. Then there is illuminated. It should be recognized that the particular 
a period during which the display is illuminated. During ordering of the red, green, blue subfrarnes may be arbitrary, 
these periods, the LUT and the display controller are mostly 30 Additionally, it is desirable, when driving a liquid crystal 
unused. Thus, the load of the LUT data set can be accom- display, to toggle between driving a positive subframe and 
plished during these periods with no impact on system driving an inverse subframe to protect the display from 
timing. deleterious effects of constant voltage difference conditions. 

Though the embodiment above describes a six to eight bit Accordingly, as mentioned above, the LUT data set selected 

encoding through the LUT, it is within the scope and 35 to be driven to the LUT will alternate between a positive data 

contemplation of the invention to perform other encodings. set and an inverse data set. 

For example, a two to eight encoding would permit tour FIG, 3 shows an exemplary stale diagram of one embodi- 
colors to be selected from a very large palette and permit ment of state machine 106. Upon reset, the state machine 
extremely high speed pixel throughput as twelve pixels enters a load R LUT data state. In this state, the LUT data 
could be processed simultaneously using the current 24 bit 40 set corresponding to R is loaded into the LUT on substrate 
data path, assuming the twelve LUTs and twelve DACs are 202. In the case of FIG. 2, the four LUTs receive the same 
also provided. It is also within the scope and contemplation LUT data for the red subframe in order to drive four separate 
of the invention that the output coding may be greater than pixels. Alternatively, when a different number of pixels is 
eight bits. Such merely increases the size of the LUT data set being driven (e.g. one pixel), then the substrate 202 would 
and provides a larger palette from which to select output 45 include the same (e.g. one) number of LUTs. A state machine 
codes. then advances to the load R subframe state 404. In this state, 
In the typical course of operation, a first frame is loaded the R data from the logically distinct R buffer in storage unit 
into, for example, subunits 118 as three distinct subfrarnes, 116 is passed through the LUTs and the corresponding 
e.g. a red subframe. a green subframe. and a blue subframe. values driven to corresponding pixels on the display 204. 
A state machine 1.06 ihen begins feeding the subfrarnes lo 50 'Hie stale then advances In the luacl G LUT da 1. 1 stale 406. 
the display substrate 202 preceded by an appropriate LUT In this state, the LUTs on substrate 202 are loaded with a 
data set. In addition to the 24 data signals moving between data set corresponding to 0". The G subframe is then driven 
controller substrate 102 and display substrate 202, there are to the LUTs and the corresponding encoding is driven to the 
also a mode signal, a reset signal, a clock signal, and a display four pixels at a time. Then at state 410, the LUTs are 
chipselect signal. The chipselect signal permits the display 55 loaded with a B LUT data set and the state advances to the 
controller to drive multiple displays by selecting only the load B subframe 412. As with the subfrarnes before it, the B 
one to which the frame should be sent. The mode signal subframe is driven to the display. By rapidly displaying the 
selects between a register mode and a data mode. In data monochrome subfrarnes, the human eye integrates the sub- 
mode, four pixels of data are moved across the 24 lines on frame to perceive a full color image. The incoming and 
each clock. In register mode, the data lines become nine ao outgoing subunits of storage unit 116 swap for the next 
address lines, eight data lines, a read line and a write line series of stales. 

(with five lines unused). It is in register mode that LUT The R LUT data set is then loaded into the LUTs at state 

writes and register writes occur. It will be recognized that 414 and a next red subframe (in this case, from R subbuffer 

these twenty-eight signals are readily transferred using 120) is driven through the LUTs and DACs to the display at 

LVDS techniques. 65 state 416. The state advances to state 418 in which the G 

The LUT is loaded first with an appropriate LUT data set LUT data set is loaded into the LUTs. The state then 

corresponding to the immediately following subframe and advances to 420 and the G subframe from G subbuffer 120 
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is driven to the display, and so forth, at states 422 and 424 from the fundamental frequency of the oscillator. An arbi- 

for the B LUT data and the corresponding B subframe. The trarily large number of indicators (l)-N) may be collected 

state machine 104 then returns to state 402 and begins during the period and stored in a register 454 or series of flip 

driving R LUT data again, as long as state machine 109 flops. Individual register positions are then effectively 

™ V, „,.,. Hicniavmo mndp * ANDed together or an expected set of indicators may be 

remains m the active displaying mode. 5 ^ & ^ ^ .^.^ ^ ^ 

It is within the scope and contemplation of the invention Qf determini tf all iQdicalors have been received 

to redisplay the data in the current subbuffer again before ^ within ^ and conte lalion of the inve ntion. If 

swapping subbuffers if the incoming data rate does not allthe indicatorsare receive d during the specified period, the 

match the outgohig data rate one to one. Thus, it the input m fc then deemed lQ ^ worki j If all the 

rate is one half the output rate, each frame would be 10 were nQt feceived duri the specifled period? a 

displayed twice before a swap. Analogous cases exist for at ^ ^ 456 ^ febe and me timer drfves the 

greater disparities between input and output rates. display ^ a &afe sUle A safc slate fe defined in one 

Another embodiment uses only one set of subbuffers in embodiment as having a CGV of zero volts and all the pixels 

storage unit 116 to hold data to be displayed. In this ^ driven to zero volts. Reset, the safe stale, is maintained until 

embodiment, parser 108 allows the subbuffer, e.g. 118, to be aU me md j cators are collected during an appropriate time 

randomly written with new pixel data during the times when per iod. Thus, if the deficiency is a permanent condition, the 

the subbuffer is not being accessed to provide data to the fesel ^ be permanently maintained until the system is 

display. In this case, the same order as described above with fatd. If the failure to receive an indicator is transient, 

reference to FIG. 3 occurs, bul no swap of subbuffers is used. ^ possibly on the next oscillator cycle, the reset will be 

This ordering is repeated over and over, allowing input released. Significantly, it is important during reset to allow 

access during the non-displaying time. tne interface 210 on substrate 202 to continue to receive 

While in the embodiment of FIG. 3, only six LUT data signals, otherwise, a timer will never come out of reset, 
sets are used and only a single display loop exists within the p[Q 5 shows a schematic of a safety timer of one 
state machine, it is within the scope and contemplation of the 25 embodiment of the invention. A plurality of indicators, IND0 
invention to have multiple display loops and an arbitrary through IND5, are fed into combinational logic 506. The 
large number of groups of data sets. For example, one indicators may be signals available in raw form on the 
embodiment of the invention might use one group of LUT display chip or signals derived from additional combina- 
data sets R a , G n , H lt G u ^for temperatures below_a \ 0 ^[ c ( no i shown) thai is also formed on the display 
certain threshold and a second group R 2 , G 2 , B 2 , R 2 , G 2 , B 2 3Q cmp x ne results of combinational logic 506 are retained in 
for temperatures above the threshold. The corresponding flj p fl ops 502 and combined by NAND gate 512 for storage 
state machine would look like FIG. 3 duplicated with 0 f a single signal in flip flop 504. The independent oscillator 
temperature selecting the loop of states through which the 500 provides all clocking for the safety timer circuit. Oscil- 
state machine transitions. Similar, different groups of data j ator 500 includes a divider circuit which is driven by T 
sets may be used for different frame rates or different 35 s ig na is 508. The T signal is a two bit signal which provides 
contrast settings, environmental conditions, liquid crystal, f our possible clock periods from oscillator 500. The T signal 
etc. Other bases for using multiple groups of data sets are mav De provided by a register in the register space. The 
also within the scope and contemplation of the invention. power on reset (POR) circuit 510 is also provided 10 ensure 
For example, for an LED display (rather than a liquid crystal mat tne sa fety timer provides a reset at power on and allows 
display), the LUT data sets may require R, G, B and no 40 tne svs tem to stabilize before releasing the reset or safety 
inverted sets. mode. In one embodiment, on reset, all register values on the 
Detection of fault conditions in a display is important to display chip return to default values when the timer comes 
avoid damage to the display. As used herein, fault means out of reset. This is desirable because it is assumed that a 
anything affecting the status of the circuitry or software pathological condition usually causes the timer to force the 
driving the display or the display itself. A number of 45 chip into safe mode, or reset. Thus, it is reasonable to 
problems may occur that cause the display to become hung presume that there may have been some corruption ol 
up with a constant CGV and a DC voltage across the liquid register values during that pathological condition. By return- 
crystal. Even with small voltage differences between the ing the registers to defauli values, any corrupted values are 
cover glass and the underlying pixels, damage may occur to overwritten. A hard wired enable (HW_EN B) is supplied so 
the liquid crystal. Examples of fault that my occur include 50 that the timer can be permanently disabled if desired for a 
a crash of the display controller or the host video source that particular application or system. Safety timer enable (ST_ 
causes the display controller to leave its display state ENB) may be used to temporarily disable the safety timer 
machine with the subframe unfinished. Hot plugging the when such is desired, as is certain test cases, 
cable or improperly coupling the cable may also cause the The particular indicators selected may vary between dif- 
system to hang. The safety timer as described below can be 55 ferent designs. However, the selection of indicators will 
used to drive the display into a safe state in the event of affect the combinational logic 506 required. In the shown 
potentially damaging faults. Because a pathological condi- embodiment, IND0, IND1, and IND5, collectively, indicate 
tion that causes the power to the display to be wholly whether a write to any register in the control register space 
disrupted is also a "safe slate" for the display, the safety 0 f the display chip has occurred. IND2, IND3, and IND4 
timer need only address the conditions during which power 60 reflect whether a write to specific registers in the control 
is supplied to the display chip substrate. register block has occurred. For example, IND2 may indi- 
HG 4 shows a block diagram of a safety limer of one cate whether the load register for the high voltage platform 
embodiment of the invention. An oscillator 450 independent has been written to, IND3 might indicate whether a frame 
of the clock that drives the remainder of the display chip is start register has been written to, and IND4 might indicate 
employed to provide the safety timer clock. A clock divider 65 whether a standby register has been written. The standby 
452 may optionally be employed to expand the period register causes the DACs to power down when not physi- 
during which indicators of proper function will be collected cally driving data to the display. This is desirable because the 
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DACs consume a significant amount of power and also 
running constantly may exhibit undesirable heat character- 
istics. All three of the above-noted indicators occur every 
frame for normal operation. For example, every frame must 
be started by a write to the frame start register, and it is 5 
necessary to load the high power platform to cause illumi- 
nation of the array via the LED drivers, as well as to adjust 
the CGV. Thus, if the clock period of safely timer clock 
(ST__CLK) is equal to the frame rate, it is necessarily the 
case that all indicators should be received during the 10 
ST_CLK period. 

In addition to selecting signals which would necessarily 
occur within a frame, in one embodiment of the invention, 
indicators are selected so that at least one indicator is 
provided along each channel of the LVDS cable . This has the 15 
advantage of permitting identification of errors related to 
damage to a single channel, for example, as a result of 
kinking of the cable. The above-described embodiment 
relies on register writes as the basis for operation of the 
safety timer. Other suitable indicators include pixel clock 20 
activity, LUT writes, selected data wires, and even cover 
glass switching. It is, of course, possible in principle to 
examine every incoming signal to ensure that all expected 
signals are received during each frame. However, that 
becomes unjustifiably overhead intensive with correspond- 25 
ing circuit size and power costs. Thus, by selecting a subset 
of indicators reflective of the faults of most concern to the 
system, a safety timer can be effectively implemented which 
protects the display subsystem from permanent damage as a 
result of those faults. Notably, the timer does not merely 30 
identify the existence of a fault condition and report, e.g. to 
the display controller, for corrective action. Rather, the 
safety timer drives the reset signal that places the display in 
a safe state. 

In the foregoing specification, the invention has been 35 
described with reference to specific embodiments thereof. It 
will, however, be evident that various modifications and 
changes can be made thereto without departing from the 
broader spirit and scope of the invention as set forth in the 
appended claims. The specification and drawings are, 40 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. Therefore, the scope of the invention 
should be limited only by the appended claims. 

What is claimed is: ^ 

1. A system comprising: 

a memory unit and a display controller formed on a first 
substrate; 

a display, a digital to analog converter (DAC), and a 
lookup table (LUT) formed on a second substrate, the 50 
second substrate coupled to the first substrate; and 

a cover glass voltage (CGV) driver and LED driver 
disposed on a third substrate, the third substrate 
coupled to the second substrate, wherein the first, 
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second, and third substrates operate at three different 
voltage levels. 

2. The system of claim 1 wherein the three substrates are 
manufactured using three different feature sizes. 

3. The system of claim 2 wherein the first substrate is 
made using a feature size of less than 0.35;/, the second 
substrate is made using a feature size of between 0.25/i, and 
O.fyi, and the third substrate is made using a greater than O.S/i 
feature size. 

4. The system of claim 1 wherein the first substrate and 
the second substrate are coupled together through a low 
voltage differential signaling (LVDS) interface. 

5. The system of claim 1 wherein the display is a liquid 
crystal on silicon (LCOS) display. 

6. The system of claim 1 wherein the memory unit 
comprises a plurality of subunits each with an independent 
memory interface. 

7. Hie system of claim 6 wherein the plurality is equal to 
twice the number of subframes of an image to be displayed. 
. 8. A method comprising: 

receiving an input image data stream including frames of 
an image in a band interleaved format at a first sub- 
strate; 

segregating individual bands of the band interleaved 
format to expose a plurality of monochrome subframes 
of a first frame; 
storing the subframes in distinct storage subunits; and 
concurrently with the receiving, driving subframes of a 
previously received frame to a lookup table (LUT) 
coupled to a display wherein both the LUT and the 
display are formed on a second substrate. 

9. The method of claim 8 further comprising: 
truncating each datum of the subframes prior to storing 

the subframes. 

10. The method of claim 8 wherein the first substrate and 
the second substrate operate at different voltage levels. 

11. The method of claim 10 further comprising: 
driving a cover glass voltage for the display from a third 

substrate, the third substrate operating a higher voltage 
than either the first or second substrate. 

12. The method of claim 8 wherein each distinct storage 
subunit has an independent memory interface. 

13. An apparatus comprising: 

a memory unit and a display controller formed on a first 
substrate; 

a display, a digital to analog converter (DAC), a lookup 
table (LUT) and a cover glass voltage driver formed on 
a second substrate, the second substrate coupled to the 
first substrate, and 

wherein the first and second substrates operate at different 
voltage levels. 

***** 
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ABSTRACT 



Switched capacitor analog circuits (such as integrators, 
amplifiers and digital-to-analog converters) constructed 
from polysilicon thin film transistors and capacitors are 
disclosed. The circuits are commonly implemented using 
conventional single crystal CMOS technologies, but this is 
the first time they have been realized using polysilicon TFT 
CMOS. The performance of the circuits is inevitably worse 
than that of conventional single crystal CMOS devices, but 
is nevertheless adequate for many large area applications. 
The circuits can be fabricated on large area substrates and 
integrated with, for example, flat panel displays, pagewidth 
optical scan arrays, or pagewidth printheads, offering 
improvements in the functionality and performance of those 
devices. Charge redistribution amplifiers and digital-to-ana- 
log converters are shown to operate with settling times 
ranging from a few microseconds to a few tens of micro- 
seconds, even with large capacitive loads, despite the rela- 
tively poor performance of polysilicon TFTs in comparison 
to conventional MOSFETS. Better than 8-bit accuracy is 
also demonstrated for the digital-to-analog converters. 

27 Claims, 14 Drawing Sheets 
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SWITCHED CAPACITOR ANALOG 
CIRCUITS USING POLYSBLICON THIN 
FILM TECHNOLOGY 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

Hie present invention is directed to switched capacitor 
circuits formed from polysilicon thin film transistors (TFTs) 
and polysilicon thin film capacitors CITCs), and in particular 10 
to switched capacitor analog circuits such as integrators, 
amplifiers, and digital-to-analog converters (DACs) using 
polysilicon TFTs and TFCs which can be used as analog 
driving circuitry for large area electronic (LAE) devices 
such as active-matrix liquid crystal displays, pagewidth 15 
optical scan arrays, or electrographic or ionographic print- 
heads. 

2. Background 

Large area electronic devices usually consist of one- or 
two-dimensional arrays of thin-film circuit elements (often ~ 20 
referred to as pixels). These pixels might contain, for 
example, liquid-crystal light valves for a display, or photo- 
diodes for an optical scan array, or nibs for a print array. In 
each case the physical size of the array is determined by the 
application, and is much larger than a conventional silicon 25 
integrated circuit. The arrays are therefore built on large area 
substrates, usually of glass or quartz. The pixel arrays also 
require driving and interface circuitry, and in most cases this 
circuitry must be analog rather than digital, that is it must be 
capable of delivering or sensing a range of input signals. 30 
Suitable analog circuitry can be built using well-known 
switched capacitor techniques in conventional silicon inte- 
grated circuits (ICs). These ICs must then be mounted on or 
adjacent to the large area substrate containing the pixel 
array, and a large number of electrical connections must be 35 
made between the two. The cost of the peripheral drive and 
interface chips, their mounting and their electrical connec- 
tion to the large area device can constitute a significant 
proportion of the overall cost of a system containing a large 
area device. If the ICs and connections can be eliminated or 40 
gready reduced by integrating suitable circuitry on the large 
area substrate, then the system cost can be reduced and its 
reliability improved. 

Thus, it is desirable to integrate drive circuitry with the 4J 
pixel elements on a common substrate (e.g., glass or quartz). 
A number of circuits have been integrated with LAE dis- 
plays using polysilicon and amorphous silicon thin film 
technologies. However, these have been purely digital cir- 
cuits, or, where analog drive is needed, have used a simple 5Q 
pass transistor to deliver the analog signal to the array with 
the state of the pass transistor being controlled by digital 
circuitry. 

It has been recognized that polysilicon thin film technol- 
ogy may enable the integration of drive circuitry on a 55 
substrate with a pixel array. However, due to the inferior 
performance of polysilicon thin film transistors (TJ-'ls) when 
compared with conventional single crystal silicon MOS field 
effect transistors (MOSFETs), it has been thought that the 
fabrication of true analog circuits using polysilicon thin film ^ 
technologies is not possible. 

Polysilicon TFTs are inferior to conventional silicon 
MOSFETs in several ways. First, the electrical drive current 
available from a polysilicon TFT is much lower than that of 
a similar-sized MOSFET. This limitation also applies to 65 
digital circuits, but is more severe under the bias conditions 
typically employed in analog amplifiers. Second, the satu- 
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ration characteristics of polysilicon TFTs are poor, with a 
low output impedance caused by the so-called "kink" effect 
which arises from channel avalanche multiplication and 
which is made worse by the presence of trap states in the 
device channel. This low output impedance is much more 
important for analog circuits than digital since it can limit 
the voltage gain available from an amplifier. Third, poly- 
silicon TFTs are known to suffer from relatively high 
off-state leakage currents compared with MOSFETs. In 
analog applications, it is often necessary to store charge on 
a capacitor, and any charge lost due to TFT leakage will 
cause an error in the analog signal. Digital circuits, on the 
other hand, are much less susceptible to leakage; even in a 
dynamic design, where charge is also stored on a capacitive 
node, the total charge loss must exceed some threshold value 
before any signal error will arise, and this threshold is 
normally much larger than the acceptable charge loss in an 
analog circuit. Fourth, polysilicon TFTs exhibit much higher 
electrical noise then MOSFETs, a problem which is again 
much more important in analog applications than digital. 

Single crystal thin-film technologies, also referred to as 
silicon-on-insulator technologies, such as silicon-on-saphire 
(SOS), separation by implanted oxygen (SIMOX) or zone- 
melt recrystallization (ZMR), also suffer some of the limi- 
tations discussed above, notably the kink effect (although it 
is not so severe in single crystal SOI MOSFETs as in 
polysilicon TFTs) and increased leakage. These technologies 
are not commonly used for analog applications, in part for 
these reasons. 

A number of references recognize that it would be desir- 
able to use TFTs to form integrated drivers for LAE devices 
such as liquid crystal displays. These references disclose 
polysilicon treatments which improve some of the charac- 
teristics of TFTs, however, even the improved polysilicon 
TFTs do not approach single crystal transistors in operating 
characteristics. Moreover, none of these references disclose 
switched capacitor analog circuits constructed using poly- 
silicon thin film technology. 

Alan G. Lewis and Richard Bruce, in "Circuit Design and 
Performance for Large Area Electronics", 1990 IEEE Inter- 
national Solid-State Circuits Conference, pp. 222-223, Feb. 
16, 1990, discuss the use of polysilicon TFTs to form 
operational amplifiers (see FIG. 4). The use of cascodes (two 
or more transistors in series with separated gates) is dis- 
closed in order to compensate for the kink effect in poly- 
silicon TFTs. In spite of the low performance of polysilicon 
TFTs (low drive currents, higher threshold voltages), digital 
shift registers were fabricated which operate at high speeds 
(30 MHz). This is believed to be due to the low parasitic 
capacitance between the TFTs and the insulator substrate. 
Additionally, an operational amplifier constructed entirely 
from polysilicon TFTs is disclosed. This op-amp minimizes 
drain biases on the n-channel TFTs which are most suscep- 
tible to the degradation of output impedance due to the kink 
effect, and a complementary source-follower output stage, is 
used to overcome the limited drive current. However, 
switched capacitor circuits were not demonstrated, and 
issues such as TFT leakage, compensation of the amplifier 
required for switched capacitor applications, and the linear- 
ity of thin film capacitors were not discussed 

S. N. Lee et al, in "A 5x9 inch Polysilicon Gray-Scale 
Color Head Down Display Chip", 1990 IEEE Solid-State 
Circuits Conference, pp. 220-221, Feb. 16, 1990, and R. G. 
Stewart et al in "A 9V Polysilicon LCD with Integrated 
Gray-Scale Drivers", pp. 319-322, SID 90 Digest, disclose 
a driver circuit for an LCD display which receives a digital 
input and an analog ramp- voltage input to produce an analog 
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output to control the gray scale of the LCDs. All the 
polysilicon circuitry is digital; the bulk of it controls the time 
during which a pass transistor is held in the conducting state, 
and hence how much of the externally generated ramp is 
delivered to a given data line. 5 

N. Yamauchi et al in "Drastically Improved Performance 
in Poly-Si TFTs With Channel Dimensions Comparable to 
Grain Size", IEDM, pp. 353-356, 1989, discloses processes 
for forming polysilicon TFTs which improve their field- 
effect mobility and current leakage. 10 

D. M. Kim et al, in "Characterization and Modeling of 
Polysilicon TFTs and TFT-CMOS Circuits for Display and 
Integrated Driver Applications", SID Digest, pp. 304-306, 
1990 disclose digital flip-flops, level shifter devices and 
buffer devices constructed from polysilicon TFTs. 

K. Nakazawa et al in "Lightly Doped Drain TFT Structure 
for Poly-SiLCDs", SID Digest, pp. 311-314, 1990, dis- 
cusses the promise of forming on-glass peripheral circuits 
made from polysilicon TFTs on full-color flat-panel liquid ^ 
crystal displays. However, the low field-effect mobility and 
high current leakage are recognized as problems which still 
need to be overcome. 

K. Ono et al in "Polysilicon TFTs With Low Gate Line 
Resistance and Low Off- State Current Suitable for Large 25 
Area and High Resolution LCDs", IEDM Digest, pp. 
345-348, 1989, disclose polysilicon TFTs having lower gate 
line resistances and lower off-state currents by reacting Pt 
with gate polysilicon films. 

Alan G. Lewis et al in "Physical Mechanisms for Short 30 
Channel Effects in Polysilicon Thin Film Transistors", 
IEDM Digest, 349-352, 1989, discuss the physical mecha- 
nisms responsible for short-channel threshold shifts in n- 
and p- channel polysilicon thin film transistors. 

Japanese Patent Publication No. 59-182569 to Kumada 35 
discloses a thin film transistor having improved output 
characteristics by inactivating the surface of the thin film 
source and drain electrodes through heat treatment in a 
mixed gas containing hydrogen when the transistor is 
formed on an insulating substrate. 40 

Wu et al in "Performance of Polysilicon TFT Digital 
Circuits Fabricated With Various Processing Techniques and 
Device Architectures", SID Digest, pp. 307-310, 1990, 
discuss fabrication processes for improving polysilicon 
TFTs, as well as digital driver circuits for LAE devices 45 
formed from these polysilicon TFTs. 

Y. Matsueda et al in "New Technologies for Compact TFT 
LCDs With High- Aperture Ratio", SID Digest, pp. 315-318, 
1990 disclose an LCD matrix wherein one storage capacitor 5Q 
line is provided for every two scanning lines. 

Additional references which disclose TFTs used in digital 
circuits for LAE devices include U.S. Pat. No. 4,872,002 to 
Stewart et al, U.K. Patent Application No. 2,117,970 to 
Oshima et al, and Japanese Patent Publication No. 61-1 3665 55 
to Hiranaka. 

U.S. Pat. No. 4,872,002 to Stewart et al describes 
switched capacitor load circuits used in an integrated digital 
display driver. These load circuits are used to simulate a 
resistive load for TFT latches, and allow the gain of the latch 60 
to be modified. This load circuit does not include an ampli- 
fier, and is more simple than the circuits of the present 
invention, both in consisting of fewer elements, and in what 
it achieves. More complex circuits are not suggested. Stew- 
art et al also note that their switched capacitor circuits 65 
deviate from ideal behavior (a feature of all switched capaci- 
tor circuits which limits their usefulness), li was expected 



that the analog circuits constructed according to the present 
invention would be fairly poor because of this characteristic 
of polysilicon switched capacitor circuits. However, surpris- 
ingly, they performed much better than expected. 

U.K. Patent Application No. 2,117,270 to Oshima et al 
discloses digital circuits constructed from polysilicon TFTs. 

The abstract "Charge-Sensitive Poly-Silicon Amplifiers 
For A-Si Pixel Particle Detectors", by Cho et al states that 
charge-sensitive poly-silicon TFT amplifiers have been 
made, but no details are given. 

U.S. Pat. No. 4,783,146 to Stephany et al disclose TFTs 
used as switches in a liquid crystal print bar. 

U.S. Pat No. 4,772,099 to Kato et al discloses the use of 
polysilicon TFI$ as switches in liquid crystal displays. 

Additional background material relating to TFTs include 
"Depositing Active And Passive Thin-Film Elements On 
One Chip" by Harold Borkan, Electronics, Apr. 20, 1 964 and 
"The TFT-A New Thin-Film Transistor" by Paul K. Weimer, 
Proceedings of the IRF, 1962. 

The above references are incorporated herein by reference 
for purposes of background material regarding digital and 
analog driver circuitry. 

While many of these references recognize the desirability 
of forming driver or interface circuitry from polysilicon 
TFTs because such circuitry can be integrated on the large 
area substrates which currently contain the arrays of LC 
light valves, photodiodes or print nibs, none of these refer- 
ences disclose the present invention. Many of the references 
seek to improve the performance of polysilicon so that TFTs 
function more like single crystal devices. Other references 
form digital circuits from polysilicon TFTs. However, none 
of the references disclose true analog circuits made from 
polysilicon, and in fact, the skilled artisan would not expect 
such circuits to achieve useful performance due to the 
limited performance of polysilicon TFTs discussed above. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide analog 
switched capacitor circuits which can be fabricated on large 
area insulating substrates, such as quartz or glass, from 
polysilicon. 

It is another object of the present invention to fabricate 
analog switched capacitor drive and interface circuits suit- 
able for integration with other circuit elements in large area 
electronic devices. 

To achieve the foregoing and other objects, and to over- 
come the shortcomings discussed above, switched capacitor 
circuits are fabricated using polysilicon TFTs and TFCs. 
While switched capacitor circuits, as well as TFTs and TFCs 
are well known, it was not previously believed that TFTs and 
TFCs could be used to fabricate analog switched capacitor 
circuits due to the poor performance of polysilicon TFTs 
(versus single crystal silicon MOSFETs). However, surpris- 
ingly, it has been found that analog switched capacitor 
circuits fabricated using TFTs and TFCs arc accurate enough 
for use as analog control circuitry in LAE devices. More- 
over, since TFTs and TFCs can be formed on glass sub- 
strates, they can be integrated with the pixel elements (which 
are already being formed on the substrates using thin film 
technology). Accordingly, LAEs can be fabricated having a 
reduced number of, or no, peripheral driver chips, reducing 
chip-to-substrate connections, so as to reduce overall cost 
and improve reliability. 
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Switched capacitor amplifiers, charge redistribution digi- 
tal-to-analog converters, and sampling amplifiers are dis- 
closed, and have been built, which exhibit performance 
characteristics suitable for driving LAE devices such as 
LCDs, pagewidth image sensors, and pagewidth electro- 5 
graphic or ionographic printheads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail with reference to 10 
the following drawings in which like reference numerals 
refer to like elements and wherein: 

FIG. 1 is a cross section of n- and p-channel polysilicon 
TFTs and a polysilicon TFC formed on a common insulator 
substrate; 15 

FIGS. 2A and 2B show typical characteristics for n- and 
p-type polysilicon TFTs and illustrate the low current drives, 
high threshold voltages and kink effect; 

FIGS. 3A-3C are three polysilicon TFT operational 
amplifiers used to form switched capacitor circuits; 

FIG. 4 shows the frequency response for the FIG. 3A-C 
operational amplifiers; 

FIG. 5 is one embodiment of a switched capacitor ampli- 
fier constructed from polysilicon TFTs and IPCs; 25 

FIG. 6 shows waveforms produced by a switched capaci- 
tor amplifier constructed from the FIG. 3A op amp; 

FIG. 7 shows waveforms produced by a switched capaci- 
tor amplifier constructed from the FIG. 3C op amp; 

FIG, 8 shows waveforms produced by a switched capaci- 
tor amplifier constructed from the FIG. 3A op amp driven at 
a clock frequency of 50 kHz with a 1 kHz triangular wave 
input; 

FIG. 9 shows a waveform produced by a switched capaci- 3J 
tor amplifier constructed from the FIG. 3C op amp driven at 
a clock frequency of 20 kHz with a triangular wave input 
similar to that in FIG. 8; 

FIG. 10 is one embodiment of a charge redistribution 
digital-to-analog converter constructed from polysilicon 40 
TFTs and TFCs; 

FIG. 11 is a waveform produced by the FIG. 10 charge 
redistribution digital-to-analog converter; 

FIG. 12 shows the response for DACs constructed from 
the type 1 and type III amplifiers; 

FIGS. 13 A and 13B show the converter error for DACs 
constructed from the type land type III amplifiers, respec- 
tively; 

FIG. 14A illustrates a video signal sample-and-hold cir- 50 
cuit (sampling amplifier) for display driving; 

FIG. 14B shows the urning for the video signal sampling 
amplifier circuit of FIG. 14 A; and 

FIGS. 15A and 15B show a digital -to-analog converter 
display driver, and timing signals therefore. 55 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is particularly applicable to forming 60 
analog interface and driving circuitry for LAE devices 
which can be integrated on the same substrate as the circuit 
elements with which they are associated. For example, the 
analog switched capacitor circuits of the present invention 
can be used to form data drivers, including sampling ampli- 65 
fiers and digital-to-analog converters for active matrix LCDs 
(AMLCDS). 
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While some specific circuits constructed from polysilicon 
TFTs and TFCs are shown, these circuits are merely illus- 
trative. The present invention involves the discovery that 
analog switched capacitor circuits made from polysilicon 
can be constructed which have operating characteristics 
appropriate for use as data drivers and interface circuits for 
LAE devices. 

As described above, polysilicon TFTs are commonly used 
to form switches and digital circuits integrally on a substrate 
with LCDs. See the above incorporated U.S. Pat. Nos. 
4,872,002, 4,772,099, and 4,783,146. Polysilicon thin film 
technology is also well suited for the integration of capaci- 
tors. FIG. 1 shows cross sections of n- and p-channel TFTs 
110, 120, respectively, and a capacitor 130 built on the same 
insulating quartz or glass substrate 100. Each TFT includes 
active polysilicon islands 112 and 122, a gate oxide layer 
114, 124, and a polysilicon gate 116, 126. The capacitor 
requires only one additional implant to make a conducting 
bottom plate 132 out of the active device island, and uses the 
TFT gate dielectric 134. In layout, the capacitor is similar to 
a polysilicon to diffusion capacitor in a conventional MOS 
analog process. However, in a thin film technology, this 
structure has the important advantage of negligible parasitic 
capacitance associated with either plate due to its formation 
on insulating substrate 100. 

FIG. 2 shows typical characteristics for n- and p-channel 
TFTs, each having a width (W) of 50 um and a length (L) of 
10 urn. Drain current is shown as a function of drain-source 
bias for various values of gate-source bias. The drive cur- 
rents are about an order of magnitude lower than for single 
crystal devices, as noted above, and the threshold voltages 
are higher. The saturation characteristics also display the 
kink effect described above. The low drive current and poor 
saturation characteristics both suggest that these devices are 
not suitable for analog circuit design, as discussed above. 

FIGS. 3A-C show schematics for three operational ampli- 
fiers which were formed entirely using polysilicon thin film 
technology. The circuits have all been fabricated using 
polysilicon thin-film transistors and employ design rules 
compatible with large area processing on 32 cmx34 cm 
plates (i.e., minimum feature size is 10 um). The simple 
amplifier (type I in FIG. 3A) uses cascodes to overcome the 
poor output impedance of the TFTs in saturation due to the 
kink effect. See, for example, the above-incorporated paper 
by Lewis and Bruce entitled "Circuit Design and Perfor- 
mance for Large Area Electronics", 1990 IEEE International 
Solid-State Circuits Conference, pp. 222-223 (Feb. 16, 
1990). This circuit used the minimum number of TFTs, and 
is important since in most applications the area available for 
the circuits is limited. The type II (FIG. 3B) circuit provides 
a differential input and retains the cascode. The type DI 
circuit (FIG, 3C) uses two stages for increased gain and a 
complementary source follower output stage for increased 
drive; it does, however, require compensation (by capacitor 
C COMP ) to ensure stability. 

FIG. 4 shows the frequency response of each amplifier 
when driving a 30 pF load capacitance. Amplifier gain (dB) 
is shown as a function of frequency. Each TFT had geomet- 
ric characteristics of L=10 um and W=200 um, (except * in 
the 1>pe II and Type m amplifiers, for which W=400 um). 
V DD =20V, and the bias current was 100 nA/um width. The 
high low-frequency gain of the two stage design is clear, 
along with its improved bandwidth. 

FIG. 5 shows the schematic of a switched capacitor 
amplifier 200 fabricated using the thin film polysilicon 
technology. The switched capacitor circuits of the present 
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invention are standard circuits, although they have not been 
implemented previously in polysilicon thin film technology. 
For a general understanding of switched capacitor circuits, 
see Bipolar and MOS Analog Integrated Circuit Design, by 
Alan B. Grebene, John Wiley & Sons, pages 703-711, the 5 
disclosure of which is incorporated herein by reference. 

Although the switched capacitor amplifier 200 of FIG. 5 
is of straightforward design, a brief description is provided. 
The switched capacitor amplifier functions to provide an 
output voltage V OUT at terminal 250 which is proportional 10 
to the input voltage V /A , supplied to terminal 205. The gain 
is controlled by the ratio of the capacitances of input 
capacitor 225 and feedback capacitor 230. In one example, 
the capacitance of capacitor 225 was 35 pF, while feedback 
capacitor 230 had a capacitance value of 3.5 pF. Digital 
clock signals § and n<() (n(j) being the inverse of <|»), are 15 
applied to transistor switches 210, 220, 235 and 240 so that 
the output of circuit 200 is set by the transfer and distribution 
of charge among input capacitor 225 and feedback capacitor 
230 under the control of the transistor switches. Transistor 
235 is a p-channel TFT and conducts when a low clock 20 
signal is applied to its gate, while transistors 210, 220 and 
240 are n-channel TFTs and conduct when a high clock 
signal is applied to their gates. 

In order to understand the operation of this circuit, sup- 
pose first that clock signal $ is high (and n<> low). This is the 25 
reset condition; TFTs 235 and 240 are both conducting so 
that feedback capacitor 230 is discharged and the output 
node 250 is at ground (Ov). At the same time, TFT 210 is 
conducting and TFT 220 is non-conducting, so the left hand 
plate of the input capacitor 225 is at the potential of the input 30 
node 205, V yA ,, which is assumed to be positive here. The 
right hand plate of capacitor 225 is connected to the opera- 
tional amplifier 245 inverting input which acts as a virtual 
ground and so is at Ov. Thus, the input capacitor 225 has a 
voltage equal to the input voltage V w across it. The ampli- 35 
fication phase of the cycle is initiated when goes low (and 
n<]> goes high). The reset TFTs 235 and 240 then become 
non-conducting, and the feedback capacitor 230 is free to 
become charged. At the same time, TFT 210 becomes 
nonconducting, isolating the left hand plate of input capaci- 40 
tor 225 from the input node 205, and TFT 220 becomes 
conducting, connecting the left hand plate of input capacitor 
225 to ground. The inverting input of the operational ampli- 
fier 245 is thus driven towards a negative voltage, causing 
the output node 250 to swing to a positive voltage. Current 45 
flows via the feedback capacitor 230 to the operational 
amplifier inverting input, and this current discharges input 
capacitor 225, The result is a transfer of electrical charge 
from the input capacitor 225 to the feedback capacitor 230. 
This continues until only a small residual charge is left on 50 
the input capacitor 225 and the feedback capacitor 230 holds 
almost all the charge originally present on the input capaci- 
tor. The output voltage present at node 250 is then given by: 



Vour=Vw 



Cfu 



55 



where V our is the final voltage at node 250, V /JV is the 
voltage at node 205 at the time when $ goes low, C lN is the 
capacitance of the input capacitor 225, C FB is the capaci- 60 
tance of the feedback capacitor 230, and A is the voltage gain 
of the operational amplifier 245. Normally the amplifier gain 
A is very high, so the output voltage is close to being the 
input voltage scaled by the ratio of the input and feedback 
capacitors. £5 

Once the output voltage has settled and been used (for 
example by being transferred from a data line into the 



selected pixel in an active matrix liquid crystal display), the 
clock signal § goes high again (and n<|> low), resetting the 
amplifier ready to sample the next input voltage. 

FIGS. 6 and 7 show clock ($) (upper trace) and output 
(lower trace) waveforms for the switched capacitor amplifier 
of FIG. 5 implemented with type I and type 111 operational 
amplifiers respectively. The two phases of reset (with the 
clock signal high) and amplification (with the clock signal 
low) can be seen. In FIG. 6 output waveforms are shown for 
fixed input voltages of 1.5 and Ov, while in FIG. 7 the input 
voltages are +0.5v and -0.5v. The load capacitance was 30 
pF for the circuit using a type I operational amplifier (FIG. 
3a), but with the type III amplifier (FIG. 3c) a much higher 
load capacitance of 250 pF could be used without degrading 
the output settling too severely. This emphasizes the higher 
drive available from the type III operational amplifier. In 
both the circuits used to obtain FIGS. 6 and 7, the TFT 
lengths were all 10 urn, and the bias current was 100 nA/pm 
width for the amplifier TFTs, and both the supply voltage 
and clock pulse peak-peak amplitude were 20v. 

The line time available for a conventional TV resolution 
active matrix liquid crystal display is about 60fis. FIGS. 6 
and 7 show that the switched capacitor amplifiers are able to 
settle with cycle times well below this, even with large 
capacitive loads. The output swings are also suitable for 
liquid crystal displays. Thus an array of such amplifiers 
could be used to provide the parallel drive needed for the 
data lines of an active matrix display. 

FIGS. 8 and 9 show the response of the amplifiers to 1 
kHz triangle wave inputs. The top trace is of the input signal, 
while the lower trace is of the output. The clock frequency 
used with the type I circuit was 50 kHz, while a clock 
frequency of 20 kHz was used for the type m circuit. Good 
linearity and the absence of clipping can be seen. 

It should also be noted that a switched capacitor integrator 
is provided by op amp 245, capacitor 230 and reset TFTs 235 
and 240 of the FIG. 5 circuit. The output of the switched 
capacitor integrator is set by the accummulation of charge on 
capacitor 230 under the control of transistors 235 and 240, 
and op amp 245, 

Another useful but more complex circuit for AMLCD 
data driving or other LAE applications is an on-glass digital- 
to-analog converter. The present invention permits the con- 
struction of all thin-film charge redistribution DACs. The 
basic circuit of a demonstration charge redistribution DAC 
255 is shown in FIG. 10, and again circuits using the 
different amplifiers shown in FIGS. 3A-C have been fabri- 
cated. The DAC of FIG. 10 receives 4 bits of input data to 
produce a variable output voltage based on the input Opera- 
tion of the DAC is somewhat similar to the operation of the 
switched capacitor amplifier discussed above. However, 
instead of a single input capacitor, a plurality of input 
capacitors are used. 

During the reset phase, the clock signal 4> is high and the 
feedback capacitor 230 is discharged. The right hand plates 
of the input capacitors 22Sa~d are all held at virtual ground, 
but the left hand plates are cither held at the reference 
voltage \ R e F or at ground depending on the state of the 
corresponding input bit. If the input bit is 1 (high) then the 
appropriate circuit 269a~d connects the left hand plate to 
Vrzf and the input capacitor is charged to \ REF , but if the 
input bit is 0 (low) then the left hand plate is held at ground 
and the input capacitor remains uncharged. During the 
amplification phase, when the clock signal $ is low, the 
charge is transferred from the input capacitors 225a-J to the 
feedback capacitor 230 as discussed above for the simple 
switched capacitor amplifier. The total charge transferred to 
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feedback capacitor 230 thus depends on the sizes of the input 
capacitors 22Sa-d and the digital input word. In order to 
obtain the correct DAC operation, the input capacitors must 
ascend in binary sequence; in this example, 225a=C 0 , 
225fc=2C 0 , 225c=4C c , 225<*=8C 0 and the feedback capaci- 5 
tor 230=16C o , where C 0 is 1 pF. (In practice, the capacitors 
are made, up of parallel combinations of either . 1, 2, 4, 8 or 
16 identical unit capacitors respectively in order to eliminate 
errors due to edge effects, process variation and so on). 

FIG. 11 shows the clock (upper trace) and output (lower 10 
trace) waveforms for the DAC of FIG. 10 fabricated using 
the type I operational amplifier (FIG. 3a). In this example, 
the circuit is operating at 50 kHz conversion rate, although 
the settling time is short enough to allow faster operation. 
Other circuit parameters are the same as for the circuits 15 
tested in FIGS. 6 and 7. Output signals are shown for input 
codes of 0000 and 1111; any binary input between these 
values produces an intermediate output. 

FIG. 12 shows the output voltage just before reset as a 
function of the digital input code for DACs built using the 20 
type I (FIG. 3a) and type III (FIG. 3c) operational amplifiers. 
FIGS. 13a and 13k show the differential and integral non- 
linearity obtained from the curves shown in FIG. 12. 
Although 4-bit DACs were built for demonstration pur- 
poses, their precision is better than Vieth Isb, that is the 25 
circuit accuracy obtained with this example configuration is 
adequate for an 8-bit DAC. 

The input switching circuits 260a-d are shown for the 
sake of example. Other circuits for achieving the same 
function will be apparent to those skilled in the art. 30 

In view of the poor performance of polysilicon TFTs in 
comparison with conventional MOSFETs normally used to 
implement switched capacitor circuits, and particularly since 
their performance limitations (low drive, poor saturation, 
leakage and noise) are likely to have a greater impact on 35 
analog circuits than digital as discussed above, it is surpris- 
ing that switched capacitor circuits with the useful levels of 
performance described above can be built using these 
devices. 

Switched capacitor circuits built entirely using polysili- 40 
con thin film devices on quartz substrates have been dem- 
onstrated for the first time according to the present inven- 
tion. Charge redistribution amplifiers and digital-to-analog 
converters are shown to operate at clock rates of above 50 
kHz despite the relatively poor performance of polysilicon 45 
IFIs in comparison to conventional MOSFETs. Better than 
8-bit accuracy is demonstrated for the DACs. These results 
offer the possibility of greatly increased functionality on 
large area devices such as flat-panel displays, pagewidth 
scan arrays or pagewidth printheads. 50 

One way in which this can be achieved is illustrated in 
FIG. 14A. This shows an array of video sampling amplifiers 
which might be used to drive the data lines of an AMLCD. 
Circuits such as this are currently implemented using single 
crystal technologies, but have not been reported in polysili- 55 
con thin film technology. The circuit uses two sampling 
amplifiers similar to the circuit shown in FIG. 5 for every 
output. The first amplifier, 400, samples the input video 
signal and is controlled by a conventional prior art polysili- 
con TFT shift register 420. When the output Q, of the ith 60 
shift register stage goes high (and its complement,nQ, low), 
the corresponding switched capacitor amplifier is reset and 
its input capacitor is charged to the voltage present on the 
analog video input line. When Q ( - goes low again, the voltage 
present on the video line is amplified and becomes available 65 
at the amplifier output. Thus, by passing a single T through 
the shift register during one display line time, the serial 
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video input is converted, by the end of that line time, to N 
separate voltages at the outputs of the amplifiers 400, where 
each voltage corresponds to the data for the pixel at one 
location across the display line. Before the next line begins, 
all N voltages are sampled and amplified by the second set 
of switched capacitor amplifiers 430 under the control of the 
clock signal $ and its complement n<|>, and become available 
at the outputs V C1 — V DN , where they remain while the 
analog data for the subsequent line is being sampled by the 
first amplifiers 400. 

The timing and control signals for the circuit shown in 
FIG. 14A are shown in FIG. 14B. In this case, a double T 
is passed through the shift register so that two outputs 
and Qj, Q 2 and Qa, Q3 and Q 4 etc) are high simultaneously. 
This arrangement allows a longer time for the input capaci- 
tor of the first stage amplifiers 400 to charge to the video 
input signal. 

The circuit shown in FIG. 14A and the timing scheme of 
FIG. 14B are for illustration only. Variations on the basic 
architecture which would achieve the same functionality 
will be apparent to persons skilled in the art. 

FIG. 15A shows a possible display driver architecture 
using DACs 255a~c, which could again be implemented 
entirely in polysilicon TFIs and TFCs. FIG. 15B shows a 
timing diagram for the FIG. ISA architecture. The input data 
is now digital reducing still further the amount of external 
processing (since in many applications the image source is 
digital). The data for a complete line is loaded serially into 
a shift register 505, and then transferred in parallel into a set 
of digital latches SISa-c. These drive the charge redistri- 
bution DACs 255a-c, which are controlled by a single 
clock, phi (and its complement) as indicated in FIG. 10. 
Thus all the serial input digital data is converted to analog 
form and made available simultaneously at the DAC out- 
puts. - 

FIG. ISA also shows multiplexers at the output of each 
DAC. Since the DACs-themselves are large.-there may not 
be room to have one^for^e'ach- dataiiner The multiplexers 
allow-each DAG to serve several lines(four in this example) 
-by switching the DAC output between the.data lines so that 
each is charged to the required voltage ~in turn. Such a, 
schemcHoes, Th^weverrmearrthat theDAG conversion-time 
must be s maller. ThV cha rge ,on_ each, datar line is then 
"received by a corresponding liquid crystal light shutter 250 
when a gate__of ^a. switch Jl Yl associated therewith is 
switched on. The basic AMLCD actuation scheme is con- } 
ventional. See, for example, the above-incorporated U.S. 
Pat, No. 4,872,002 to Stewart et al. 

The arrangement of FIGS. 15A-B could also be used to. 
control the LCDs in a printing bar as disclosed in the above 
incorporated U.S. Pat. No. 4,783,146 to Stephany et al. 
Alternatively, analog driver circuitry according to the 
present invention could be used to control electrographic or 
ionographic printing devices. 

The polysilicon TFTs and TFCs can be formed on quartz 
or glass substrates using previously reported techniques (for 
example in the above incorporated paper by Wu et al entitled 
'Terformance of Polysilicon TFT Digital Circuits Fabricated 
with Various Processing Techniques and Device Architec- 
tures", SID 90 Digest, pp. 307-310). The circuits described 
and tested herein were constructed on quartz substrates as 
follows. An active silicon layer was deposited and implanted 
with silicon to retard grain growth, resulting in a large grain 
size following the 600° C. crystallization anneal (see Wu et 
al, J. Appl. Phys., 65, pp. 4036-9 (1989)). Following island 
definition, the gate dielectric was formed by deposition of an 
LPCVD Si0 2 film and a 950° C. anneal in oxygen, resulting 



09/22/2002, EAST 



Version: 1 . 03 . 0002 



5,589, 

11 

in a final gate oxide thickness of 100 nm. The gate material 
was a 350 nm thick LPCVD polysilicon film, doped by 
phosphorus ion implantation. The self-aligned source and 
drain regions were formed by boron and phosphorus ion 
implantation for the p-and n -channel devices respectively. 5 

The process used to build the TFTs and TFCs required for 
the switched capacitor circuits described above is the same 
as that used to build the pixel TFTs and storage capacitors 
of and active matrix display. Thus no additional process 
steps are required to integrate the switched capacitor circuits ]q 
with an AMLCD. All the circuits described were fabricated 
on quartz substrates using a maximum processing tempera- 
ture well above the melting point of glass. Processes suitable 
for building TFTs on glass substrates are also well known, 
however, and could be used to fabricate switched capacitor J5 
circuits in the same way. The circuits could also be built in 
material on the periphery of an amorphous silicon TFT 
AMLCD which has been locally recrystallized by, for 
example, laser annealing. 

While this invention has been described in conjunction 20 
with specific embodiments thereof, it is evident that many 
alternatives, modifications and variations will be apparent to 
those skilled in the art. For example, analog-to-digital con- 
verters and switched capacitor filters can also be fabricated. 
Accordingly, the preferred embodiments of the invention as 25 
set forth herein are intended to be illustrative, not limiting. 
Various changes may be made without departing from the 
spirit and scope of the invention as defined in the following 
claims. 

What is claimed is: 30 

1. An analog switched capacitor circuit comprising: 
at least one polysilicon thin film capacitor means; 

at least one polysilicon thin film transistor switch means; 

at least one polysilicon thin film amplifier means; and 

interconnection means for interconnecting the capacitor 
means, the transistor switch means, and the amplifier 
means so that the output of said circuit is set by the 
accumulation of electrical charge on said capacitor 
means under the control of said transistor switch means ^ 
and said amplifier means; 

said capacitor means, said transistor switch means, said 
amplifier means, and said interconnection means all 
being formed on a common substrate. 

2. The analog circuit of claim 1, wherein at least two said 45 
capacitor means are provided, and interconnected to said 
transistor switch means and said amplifier means by said 
interconnection means so that the output of said circuit is set 
by the accumulation and redistribution of charge among said 
capacitor means under the control of said transistor switch 50 
means and said amplifier means. 

3. The analog circuit of claim 2, wherein an array of 
circuit elements driven by said analog circuit is integrally 
formed on said substrate. 

4. The analog circuit of claim 3, wherein said array of 55 
circuit elements is a matrix of display devices, each of said 
display devices having a data line; and said analog circuit 
comprises: 

a plurality of analog switched capacitor subcircuits having 
at least one of said capacitor means, at least one of said 60 
transistor means, and at least one of said amplifier 
means, all being formed on said substrate, each of said 
subcircuits being operatively coupled to at least one of 
said data lines; and the transistor switch means for each 
of said subcircuits being separately controlled. 65 

5. The circuit of claim 4, wherein each of said subcircuits 
is operatively coupled to a plurality of data lines, and said 
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analog circuit further comprises multiplexing means con- 
nected between each of said subcircuits and its correspond- 
ing data lines, for selectively connecting each subcircuit to 
its corresponding data lines. 

6. The analog circuit of claim 3, wherein said array of 
circuit elements comprises a plurality of switch controlled 
display elements connected to respective data lines, and said 
analog switched capacitor circuit is operatively coupled to at 
least one of said data lines. 

7. The analog circuit of claim 6, wherein said analog 
circuit comprises a plurality of separate control circuits 
having at least one polysilicon thin film capacitor means, at 
least one polysilicon thin film transistor switch means, and 
at least one polysilicon thin film amplifier means electrically 
connected with at least one of said data lines, said transistor 
switch means of each of said separate control circuits being 
controlled by a separate control signal. 

8. Hie analog circuit of claim 7, wherein each of said 
separate control circuits is operatively coupled to a plurality 
of different data lines, and said analog circuit further com- 
prises multiplexing means connected between each of said 
control circuits and its corresponding data lines, for selec- 
tively connecting each control circuit to its corresponding 
data lines. 

9. The analog circuit of claim 7, wherein each of said 
separate control circuits comprises a digital-to-analog con- 
verter. 

10. The analog circuit of claim 7, wherein each of said 
separate control circuits comprises sample-and-hold means. 

11. The analog circuit of claim 2, wherein said capacitor 
means, said transistor switch means, and said amplifier 
means are configured as a digital-to-analog converter. 

12. The analog circuit of claim 2, wherein said capacitor 
means, said transistor switch means, and said amplifier 
means are configured as a sampling amplifier means. 

13. The analog circuit of claim 3, wherein said circuit 
elements are printing elements. 

14. An analog switched capacitor circuit comprising: 

an amplifier constructed from polysilicon thin film tran- 
sistors and having an input and an output; 

a polysilicon thin film input capacitor having an output 
attached to said amplifier input; 

a first polysilicon thin film transistor attached to an input 
of said input capacitor, for selectively attaching said 
input capacitor to an input voltage source based upon a 
first control signal; 

a second polysilicon thin film transistor attached to said 
input of said input capacitor, for selectively attaching 
said input capacitor to ground based upon a second 
control signal; 

a polysilicon thin film feedback capacitor attached 
between said output and said input of said amplifier; 

a third thin film polysilicon transistor attached between 
said output and said input of said amplifier, for selec- 
tively discharging said feedback capacitor based upon 
one of said first and second control signals; 

wherein a capacitance of said input and said feedback 
capacitors is chosen, and said first, second and third 
transistors are controlled so that the output of said 
circuit is set by the transfer and distribution of charge 
among said input and feedback capacitors under the 
control of said first, second and third transistors; and 

said amplifier, said input and feedback capacitors, and 
said first, second and third transistors all being formed 
on a common substrate. 

15. The analog circuit of claim 14, further comprising: 
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a fourth polysilicon thin film transistor attached between 
said input and said output of said amplifier, for selec- 
tively discharging said feedback capacitor in conjunc- 
tion with said third transistor, based on an opposite one 
of said first and second control signals. 

16. The analog circuit of claim 15, wherein said amplifier 
includes a plurality of transistors having gates attached to 
different voltage sources. 

17. The analog circuit of claim 15, wherein said amplifier 
is a two stage amplifier including a compensating polysili- 
con thin film capacitor. 

18. The analog circuit of claim 15, further comprising: 
a plurality of said input capacitors, each having a different 

capacitance and a respective first and second thin film 
transistor, each of said first transistors being attachable 
to a common reference voltage source and being con- 
trolled by a different bit of a multi-bit digital input, so 
that each respective input capacitor is charged by the 
reference voltage based on its bit input, whereby said 
analog circuit is a digital-to-analog converter. 

19. The analog circuit of claim 14, wherein an array of 
circuit elements driven by said analog circuit is integrally 
formed on said substrate. 

20. The analog circuit of claim 14, wherein said array of 
circuit elements comprises a plurality of switch controlled 
display elements connected to respective data lines, and said 
analog switched capacitor circuit is operatively coupled to at 
least one of said data lines. 

21. A method of fabricating an analog switched capacitor 
circuit comprising: 

a) forming at least one polysilicon thin film capacitor 
means on a substrate; 

b) forming at least one polysilicon thin film transistor 
switch means on said substrate; 
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c) forming at least one polysilicon thin film amplifier 
means on said substrate; and 

d) forming polysilicon thin film interconnection means on 
said substrate, said interconnection means for intercon- 

5 necting said capacitor means, said transistor switch 
means, and said amplifier means so that the output of 
said circuit is set by the accumulation of charge on said 
at least one capacitor means under the control of said 
transistor switch means, wherein said capacitor means, 

lo said transistor switch means, and said amplifier means 
are formed during the same polysilicon deposition 
process. 

22. The method of claim 21, wherein at least two said 
polysilicon thin film capacitor means are formed on said 
substrate, and are interconnected to said transistor switch 
means and said amplifier means by said interconnection 
means so that the output of said circuit is set by the transfer 
and distribution of charge among said capacitor means under 
the control of said transistor switch means and said amplifier 
means. 

20 23. The method of claim 22, further comprising: 

forming at least one polysilicon circuit element on said 
substrate during said deposition process, said circuit 
element being operatively attached to said analog 
switched capacitor circuit. 

24. The method of claim 23, wherein said at least one 
circuit element is a liquid crystal display element 

25. The method of claim 23, wherein said circuit element 
is a printing element. 

30 26. The method of claim 22, wherein said analog circuit 
is configured as a digital-to-analog converter. 

27. The method of claim 22, wherein said analog circuit 
is configured as a sampling amplifier. 

***** 
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ABSTRACT 



A drive circuit for an electro-optical device, which has a 
plurality of pairs of shift registers for latching and holding 
signals representing bits of image data, a D/A converter for 
performing D/A-conversion on image data latched by the 
shift register n-biis by n-bits, for generating voltages corre- 
sponding to 2 N gray scales and for supplying the generated 
voltages to signal lines, and a switch group for selectively 
supplying image data latched by one of the shift registers of 
each of the pairs to the D/A converter. This drive circuit is 
adapted to repeatedly perform an operation of supplying the 
D/A converter with image data held by one of the shift 
registers of each of the pairs during image data is latched by 
the other shift register. Thus, image data can be inputted 
thereto at a high speed. 

24 Claims, 13 Drawing Sheets 
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ELECTRO-OPTICAL DEVICE DRIVE 
CIRCUIT, ELECTRO-OPTICAL DEVICE AND 
ELECTRONIC EQUIPMENT USING THE 
SAME 

BACKGROUND Oh' THE INVENTION 

1 . Field of Invention 

The present invention generally relates to a drive circuit 
for an electro-optical device, and more particularly, to a 
liquid crystal drive circuit having a D/A converter (namely, 
a digital-to-analog conversion circuit), and to an electro- 
optical device using this drive circuit, and to electronic 
equipment using this electro-optical device for displaying an 
image. 

2. Description of Related Art 

As shown in FIG. 10, a conventional drive circuit for an 
electro -optical device comprises latching means 91 consist- 
ing of a first group of latch circuits XLT1-1 to XLT3-1, each 
of which sequentially latches and holds digital image data 
(hereunder referred to simply as image data) supplied from 
an external control device to terminals DO, Dl and D2, and 
a second group of latch circuits XLT1-2 to XLT3-2, to which 
image data of one line is latched by the first group of latch 
circuits. This drive circuit further comprises a shift register 
92 for generating clock signals, which provide timing in 
serially latching image data present on data lines L0, LI and 
L2, according to clocks CLK and CLK supplied from an 
external circuit. This drive circuit furthermore comprises a 
D/A converter 93 adapted to perform the D/A conversion of 
data (consisting of 3 bits in the case shown in this figure) of 
each of pixels respectively represented by the image data 
latched by the second group of latch circuits XLTI-2 to 
XLT3-2 for supplying predetermined voltages to each signal 
line in the pixel region. 

In the aforementioned drive circuit, image data are input 
from an external circuit to the data lines L0, LI and L2, 
respectively. However, the parasitic capacitance of the data 
lines L0, LI and L2 has an extremely large value (which 
may be 100 pF or more), in comparison with that of wirings 
of a semiconductor integrated circuit, because of the facts 
thai the length of the aforementioned data lines LO, LI and 
L2 of an electro-optical device reaches several tens of cm 
and that the electro-optical device has many signal lines 
intersecting the data lines LO, LI and L2. Thus, the rate of 
transmission of image data at a point on each of the data 
lines LO, LI and L2 decreases with a reduction in the 
distance between the point and a tip end thereon, namely, 
with the distance from a corresponding data input terminal 
to the point. This results in a decrease in the timing margin 
of the clock signal providing the first group of latch circuits 
XLT1-1 through XLT3-1 with data latch timing with which 
data output from the shift register 92 is latched by the first 
group of laieh circuits XLTl-1 to XLT3-1. Consequently, it 
becomes difficult to input image data thereto at a high speed. 

Further, the output impedance of an IC for outputting 
image data should be reduced so as to achieve the high- 
speed input Of image data. However, the large parasitic 
capacitance of the data lines LO, LI and L2 makes it 
extremely difficult to realize the high-speed input of image 
data. For instance, in the case of a liquid crystal panel having 
a resolution of 640x480 dots and conforming to the VGA 
(Video Graphic Array) standard, the frequency of an image 
dalu input signal is 20 MHz or so. Moieover, in the case of 
a liquid crystal panel conforming to the SVGA (Super Video 
Graphics Array) standard, the frequency of an image data 
input signal reaches 100 MHz. Therefore, it is difficult to 
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realize the high-speed input of image data. Especially, in the 
case of an electro-optical device using a potysilicon TFT as 
an element of a drive circuit, at least 3.3 V, preferably, 5 V 
or more is needed as the amplitude of a signal representing 
5 the aforementioned image data. The driving ability of the IC 
outputting image data should be enhanced so as lo input 
image data to the data lines having large parasitic capaci- 
tance at a high speed by using a signal of a large amplitude. 

1Q SUMMARY OF THE INVENTION 

The present invention is proposed to solve the aforemen- 
tioned problems of the conventional drive circuit. 
Accordingly, the present invention provides a drive circuit 
for an electro-optical device, to which image data can be 
15 input at a high speed from an external circuit. 

The present invention also provides a drive circuit for an 
electro-optical device, which is enabled to lower the driving 
ability of the IC inputting image data and reduce the power 
consumption thereof. 
20 The present invention also provides a drive circuit for an 
electro-optical device, which decreases the wiring pitch of 
signal lines in a pixel area. 

The present invention provides a drive circuit for an 
electro-optical device having a function of performing lat- 
eral inversion of an image, which can perform lateral 
inversion of an image without having what is called a 
reverse reading circuit for reading image data of one line in 
a reverse direction from a memory in which image dala is 
stored. 

30 

According to an aspect of the present invention, there is 
provided a drive circuit for an electro -optical device, which 
is configured so that the shift register is used for latching 
image data, instead of generating clock signals .providing 

35 data latching timing to the latch circuit for latching image 
data input from an external circuit, differently from the 
conventional drive circuit. 

This results in a decrease in the length of each of the data 
lines between the corresponding image data input terminal 

40 and the shift register for latching image data. Thus, in the 
case of the drive circuit of the present invention, there is no 
necessity for considering the timing margin of the clock 
signal providing each of the latch circuits with the latching 
timing, differently from the conventional drive circuit. 

45 Consequently, there is provided a drive circuit for an electro - 
optical device, which enables the high-speed input of image 
data to an electro-optical device from an external circuit al 
a high speed and lowers the driving ability of the IC for 
inputting image data and reduces the power consumption 

50 thereof. 

Moreover, according to the present invention, a liquid 
crystal drive circuit having a D/A converter is configured so 
that a pair of shift registers for latching image data is 
provided corresponding to each of bits of the image data. 

55 that the image data is latched from an external circuit to one 
of the shift registers of such a pair, image data of one line 
latched into the other shift register is simultaneously trans- 
ferred to the D/A converter, and that a transferring switch for 
enabling this transfer of such image data is placed between 

60 the shift register provided corresponding to each of the bits. 
Thus, there is provided a drive circuit for an electro- 
optical device, which sets the wiring pitch of signal lines in 
a pixel area at a smaller value, as compared with the ease of 
placing all of the transferring switches at the D/A-converter 

65 side. 

Furthermore, a delaying shift register is provided in 
addition to the pair of shift registers corresponding to each 
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of the bits. Moreover, an on-off switch for enabling and/or 
disabling the transfer of image data is provided between this 
delaying shift register and an image data input terminal. An 
on-off switch for enabling and/or disabling the transfer of 
image data and a changing switch for permitting the transfer 5 
of image data to one of the shift registers of this pair are 
provided between the delaying shift register and another pair 
of shift registers. 

Ihus, the switches are controlled to thereby cause the 
delaying register to operate. Consequently, the lateral inver- 10 
sion (if an image can be enabled only by a drive circuit of the 
picsent invention without providing what is called a reverse 
reading circuit, which is used for reading image data of one 
line from a memory storing the image data in a reverse 
direction, in an electro-optical device having the function of 15 
performing the lateral inversion of an image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features, objects and advantages of the present 2Q 
invention will become apparent from the following descrip- 
tion of preferred embodiments with reference to the draw- 
ings in which like reference characters designate like or 
corresponding parts throughout several views, and in which: 

FIG. 1 is a circuit diagram showing the configuration of 25 
a first embodiment of a drive circuit for a liquid crystal 
display device according to the present invention; 

FIG. 2 is a timing chart illustrating the operation timing 
of a signal line drive circuit shown in FIG. 1; 

FIG. 3 is a circuit diagram showing the configuration of 30 
a practical example of a logic circuit of a shift register 
piovidcd in the signal liuc drive circuit shown in FIG. 1; 

FIG. 4 is a liming chart illustrating the operation timing 
of the shift register shown in FIG. 3; 

FIG. 5 is a circuit diagram showing the configuration of 35 
a second embodiment of a drive circuit for a liquid crystal 
display device according to the present invention; 

FIGS. 6(A) and 6(B) are diagrams illustrating the function 
of a signal line drive circuit of the embodiment shown in 40 
FIG. 5; 

FIG. 7 is a timing chart illustrating the operation timing 
of a signal line drive circuit of the embodiment shown in 
FIG. 5; 

FIG. 8 is a circuit diagram showing the configuration of 45 
a third embodiment of a drive circuit for a liquid crystal 
display device according to the present invention; 

FIG. 9 is a circuit diagram showing the configuration of 
a fourth embodiment of a drive circuit for a liquid crystal 
display device according to the present invention; 

FIG. 10 is a circuit diagram showing the configuration of 
an example of a conventional drive circuit for a liquid crystal 
display device; 

FIG. 11 is a diagram illustrating an embodiment of a 
liquid crystal display device of the present invention; 

FIG. 12 is a diagram illustrating a portable computer that 
is an embodiment of electronic equipment of the present 
invention; and 

FIG. 13 is a diagram illustrating a projector that is another 
embodiment of electronic equipment of the present inven- 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a circuit diagram showing the configuration of 
a first embodiment of a drive circuit for a liquid crystal panel 
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according to the present invention. In this figure, reference 
numeral 10 designates a pixel area in which a plurality of 
pixel elements each consisting of a pixel electrode and a 
TFT are placed in a matrix-like manner. Reference numeral 
20 denotes what is called an X-system, namely, a signal line 
drive circuit for driving signal lines 11. Reference numeral 
30 designates a scanning line drive circuit for selecting 
scanning lines 12 in turn. In this embodiment, the afore- 
mentioned signal line drive circuit 20 is constructed to drive 
signal lines for 3-bit (or 8-gray scale) digital image data. 
Incidentally, the present invention is not limited to this 
signal line drive circuit 20. Further, pairs of shift registers 
XSR1-0, XSR2-0; XSRM XSR2-1; and XSR1-2, XSR2-2 
are provided in the circuit 20 corresponding to input termi- 
nals DO, Dl and D2 through which the bits of image data 
supplied from an external control device are inputted, 
respectively. 

Reference characters DAC1 to DACn designate 3-bit D/A 
converters provided in such a manner as to respectively 
correspond to the signal lines 11 drawn in the pixel area 10. 
In this embodiment, each pair of switches SW1-0, SW2-0; 
SW1-1, SW2-1; SW1-2, SW2-2 for switching and transfer- 
ring data are provided between a corresponding pair of shift 
registers XSR1-0, XSR2-0; XSRl-l XSR2-1; and XSR1-2, 
XSR2-2 and the corresponding ones of the D/A converters 
DAC1 to DACn. The states of these switches are changed 
according to a switching control signal LAT supplied from 
the external control device. Thus, 1-bit image data is sup- 
plied from one of the shift registers XSR1-0, XSR2-0; 
XSRM, XSR2-1; and XSR1-2, XSR2-2 of each of the 
pairs, namely, image data composed of a total of 3 bits are 
supplied therefrom to the D/A converters DAC1 to DACn, 
whereupon the image data are D/A-converted. Then, volt- 
ages respectively corresponding to 8 gray scales are gener- 
ated and supplied to the corresponding signal lines 11. 

Further, each of the pairs of shift registers XSR1-0, 
XSR2-0; XSRl-l, XSR2-1; and XSR1-2, XSR2-2 is con- 
nected to the image data input terminals DO, Dl and D2. The 
shift registers XSR1-0, XSRl-l and XS R1-2 ar e caused 
according to the clock signals CLK1 and CLK1 supplied 
from the external control device to latch the data and 
perform shifting operations. Moreover, the shift registers 
XSR2-0, XSR2-1 and XSR2-2 are caused according to the 
clock signals CLK2 and CLK2 to latch the data and perform 
shifting operations. Thus, each of these shift registers oper- 
ate in such a way as to sequentially latch the image data bit 
by bit from the image data input terminals DO, Dl and D2 
and then shift the data in a reverse direction. 

As shown in FIG. 1, among the switches for controlling 
data transfer between the shifl registers XSR1-0, XSR2-0; 
XSRl-l XSR2-1; and XSR1-2, XSR2-2 and the D/A con- 
verters DAC1 to DACn, the switches SW1-0, SW2-0 are 
provided between the shift registers XSR2-0 and XSRl-l, 
while the switches SW1-1 and SW2-1 are provided between 
55 the shift registers XSR2-1 and XSR1-2. Although these 
switches may be placed between the shift register XSR2-2 
and each of the D/A converters DAC1 to DACn, these 
switches are provided between the shift registers as 
described above. Thus, the wiring pitch of the signal lines in 
60 the pixel area can be made to be small, as compared with that 
of the signal lines in the case of placing these switches at the 
side of the D/A converters. Consequently, this embodiment 
has an advantage in that the pixel area can be highly 
integrated. 

65 Moreover, even when the pixel area and the drive circuit 
are formed on a substrate, it is preferable that the image data 
input terminals DO, Dl and D2 are positioned at the right 
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side of the substrate corresponding to the circuit of FIG. 1, Further, FIG. 4 illustrates an operation of this shift register, 

as viewed in this figure. Generally, in the case of the Incidentally, FIG. 3 shows 10 stages of the signal line drive 

conventional drive circuit, the image data input terminals are circuit of FIG. 1. FIG. 4 illustrates the operation timing in 

placed at the left side of the substrate, and the data are the case that 6-bit data is latched by the 10 stages of the shift 

shifted in a direction from the shift register, which is closest s register. As illustrated in FIG. 3, one stage of the shift 

lu the input terminals, to the shift register that is most distant re 8 ister XSR comprises an inputting clocked inverter for 

therefrom. It is, thus, necessary for the external control inputting signals, and a latch circuit constituted by a pair of 

device to perform the reverse reading of image data when invertei f respectively having an input terminal and an output 

image data of 1 line is read from a memory storing the image terminal " ^» ch a ' e connected to each other. The feedback 

i t , , ... . ,. , r • *u , n inverter of this latch circuit is constituted as a clocked 

data. In contrast, this embodiment eliminates the necessity 10. . . , ,. i , r L 

tor the reverse reading of image data by placing the image inverter ' and . * °P erate f d 10 a c ' ock of » Ph«« 

data input terminals at the right side of the substrate. Thus, °PP°f e '° ,he f hase °f a clock cortMponding to the other 

this embodiment has an advantage in that the method of mvet er lh f eo /, in P u " ln & S1 f nals - the inputting 

~«A\ nn ; m ™ a*** f™, tu» ,-c inverters of odd-numbered stages of the latch circuit are 

reading image data irom the memory is simplified. t , __ . , , * _ . . . 

p , . operated by the same clock CLK1. Moreover, the inputting 

Next, an operation of the aforementioned signal line drive is of even . numbered stages of the latch circuit are 

circuit 20 will be described herembelow by referring to a operaled according to the same clock CUQ having a phase 

liming chart of FIG. 2. First, 3-bit image data VD0, VD1 and Ue lQ ^ has£ Qf {hc dock cua 

VD2 are sequentially inputted m parallel to the image data Accordi tQ the shifl ister of the aforementioned 

input terminals DO, Dl and D2 from the control device c . & . . . ' ° , t .. , , 4 , . 

/ , . , , ,., w i i i v on configuration, the length of the data line between the image 

placed outside or the like. Moreover, clock signals CLK1, 2U , t r t . . , °, . , . A . . f , . , . 

t^tft T ^-» ttttt^ . • j ■ l i. r data input termmal and the shirt register lor latching image 

CLK1 or CLK2, CLK2 synchronized with the aforemen- , . . \ t ™, . u r -T 

• j- i , 7T ^n .mi * . . .u • i data is short. Thus, this embodiment eliminates the necessity 

Honed image data VD0.VD1 and VD2 are input to the signal r . ' . . , 

° , _,- , • 1 1 i r for considering the timing margin or the clock providing the 

hne drive circuit 20. In this embodiment, the signal level of R . % . t , . . > iU , , [• ( - • 

... . . , T i- J r . i first group of latch circuit with the latching timing, 

a switching control signal LAT supplied from the external ~ to \ t ., . ... c ... 7 . , 

, , 5 . . , b , , , . , 11 , 1 Consequently, it is possible for this embodiment to input 

contro device is changed between nigh and low levels every . n , * ,. , r . f . . . , , 

° , _ . b , • r l image data at a high speed trom an external circuit thereto, 

input ol image daUoMhne. Furthermc^each pair of the Morc casc of thc S1 al linc drive circuit of the 

clock signals (CLK1, CHKT) or (CLK2, CLK2) is generated ftforemcntioncd erabodimenl> £ m for supplying clock sig . 

■ n response 10 the sw.tching control Signal LAI so that when ^ m ^ thc dala Unes L0 u an(J ^ djffcrentl 

one of .he pairs ot the clock signals is being input the from ^ C( f nventional S1 , Hne dfive drcuil of pjQ 10 . 

inputting ot the other pair ot the clock signals is halted. 30 ^ ^ ^ ^ ^ ^ ^ 

Thus, when the switching control SLgnal LAT is at the low clock signal is half the f requen cy of a signal representing 

level, the input image data VD0, VD1 and VD2 are sequen- image data in the case of i nputt i ng c i oc k signals, the 

daily latched by a set of the shift registers XSR1-0, XSR1-1 degree of nec essity for high-speed input capability is not 

andXSRl-2 in response to the clock signals CLK1 and ^ highj as compare d with the case of inputting image data. It 

CEKT, and then shifted therein. In contrast, when the ^ tner efore, unnecessary that the degree of enhancing the 

switching control signal LAT is at the high level, the inputted driving ability of the IC (or controller) outputting image data 

image data VD0, VD1 and VD2 are sequentially latched by and c]ocks is not high> aifferently from the case of using the 

the other set of the shifl registers XSR2-0, XSR2 -1 and signal line drive circuit of FIG. 10. Consequently, the power 

XSR2-2 in response to the clock signals CLK2 and CLK2, ^ consumption of the drive circuit and the cost of the IC can 

and then shifted therein. 5 e prevented from increasing. 

Further, when one of the sets of the shift registers XSR1- FIG. 5 is a circuit diagram showing the configuration of 

0, XSR1-1 and XSR1-2 latch image data (namely, the a second embodiment of the signal line drive circuit for a 

switching control signal LAT is at the low level) by con- li<quid crystal display device according to the present inven- 

trolling the switching control switches SW1-0 to SW2-2 45 t j on< Th e s j gna i ij ne dr j V e circuit of this embodiment has a 

according to the switching control signal LAT, image data configuration for facilitating the lateral inversion of a dis- 

latched by the other set of the shift registers XSR2-0, p i av 0 f an image, and is constructed as a signal line drive 

XSR2-1 and XSR2-2 is transferred to the D/A converters c j rcu i t f or 3-bit image dala, similar to the signal line drive 

DAC1 to DACn. Conversely, when the latter set of the shift circuit of the first embodiment of FIG. 1. Namely, the signal 

registers XSR2-0, XSR2-1 and XSR2-2 latch image data 5Q jj ne drive circuit of the second embodiment has delay shift 

(namely, the switching control signal LAT is at the high registers XSR3-0, XSR3-1 and XSR3-2 corresponding to 

level), the image data latched by the former set of the shift the input terminals DO, Dl and D2 for inputting the bits of 

registers XSR1-0, XSR1-1 and XSR1-2 is transferred to the image data supplied from the external control device, in 

D/A converters DAC1 to DACn. As a result of repeatedly addition to the shift registers XSR1-0, XSR2-0; XSR1-1, 

performing this process, voltage signals obtained by D/A- 55 XSR2-1; and XSR1-2, XSR2-2. 

converting image data of one screen are successively sup- Even m the second embodiment, among the switches for 

plied to the signal lines 11 in the pixel area 10. controlling data transfer between the shift registers XSR1-0, 

Incidentally, the scanning lines 12 are driven in turn by a XSR2-0; XSR1-1, XSR2-1; and XSR1-2, XSR2-2 and the 

scanning-line -side (namely, a Y-system) drive circuit (not D/A converters DAC1 to DACn, the switches SW1-0 and 

shown) to a selection level (namely, the high level) in 6 n SW2-0 are provided between the shift registers XSR2-0 and 

synchronization with a change in the output of each of the XSR1-1, while the switches SW1-1 and SW2-1 are provided 

D/A converters DAC1 to DACn in the pixel area 10. Then, between Ihe shift registers XSR2-1 and XSR1-2. 

a TFT corresponding to each pixel element connected to the Further, in the signal line drive circuit of the second 

selected scanning line is turned on. Further, a voltage of the embodiment, switches SW11, SW12 and SW13 for enabling 

signal line 11 is applied to a corresponding pixel electrode. 65 and disabling data transfer are respectively provided 

FIG. 3 shows a more practical example of the shift between the delay shift register XSR3-0 and the image data 

register XSR of the signal line drive circuit 20 of FIG. 1. input terminal DO, between the delay shifl register XSR3-1 
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and the image data input terminal Dl and between the delay 
shift register XSR3-2 and the image data input terminal D2. 
Furthermore, the switches SW21, SW22 and SW23 for 
enabling and disabling data transfer are respectively pro- 
vided between the delay shift register XSR3-0 and a pair of 
the shift registers XSR1-0 and XSR2-0, between the delay 
shift register XSR3-1 and a pair of the shift registers XSR1-1 
and XSR2-1 and between the delay shift register XSR3-2 
and a pair of the shift registers XSR1-2 and XSR2-2. 
Moreover, the switches SW31, SW32 and SW33 for 
enabling data transfer between the corresponding input 
terminal and one of the shift registers of each of these pairs 
are respectively provided between the delay shift register 
XSR3-0 and the pair of the shift registers XSR1-0 and 
XSR2-0. hetween the delay shift register XSR3-1 and the 
pair of the shift registers XSR1-1 and XSR2-1 and between 
the delay shift register XSR3-2 and the pair of the shift 
registers XSR1-2 and XSR2-2. 

Furthermore, in the second embodiment, each of switches 
SW41, SW42, SW43 and SW44 for en abling and disabling 
the supplying of shift clocks CLK, CLK is provided between 
the corresponding clock input terminal and the correspond- 
ing one of the shift registers XSR1-0, XSR2-0; XSR1-1, 
XSR2-1; and XSR1-2, XSR2-2. The switches SW41, SW42, 
SW43 and SW44 are configured in such a manner as to be 
enabled and disabled according to switch control signals 
CSW and CSW, which are supplied from the external 
control device, in a complementary manner. 

When the clocks CLK and CLK are supplied to the shift 
registers XSR1-0, XSR1-1 and XSR1-2 through the switch 
SW41, SW42; SW43, SW44, the supplying of the clocks to 
the shift registers XSR2-0, XSR2-1 and XSR2-2 isinter- 
rupled. Conversely, when the clocks CLK and CLK are 
supplied to the shift registers XSR2-0, XSR2-1 and XSR2-2, 
the supplying of the clocks to the shift registers XSR1-0, 
XSR1-1 and XS R1-2 is interrupted. On the other hand, the 
clocks CLK and CLK can be always supplied to the delay 
*hift registers XSR3-0, XSR3-1 and XSR3-2. 

Furthermore, the switches SWU, SW12, SW13, SW21, 
SW22 and SW23 are adapted to be simultaneously con- 
trolled according to control signals R/L supplied from the 
external control device in such a way as to be brought into 
an on-state or off-state. Further, regarding the shift registers 
XSR1-0, XSR2-0; XSR1-1, XSR2-1; and XSR1-2, XSR2-2, 
the direction, in which data is shifted, is controlled by this 
control signal R/L. When the switches SW11 to SW23 are 
turned off, a shifting operation is performed on the registers 
in a direction from the right to the left, as viewed in this 
figure, similarly as in the case of the first embodiment. 
Conversely, when the switches SW11 to SW23 are turned 
on, the shifting operation is performed on the registers in a 
direction from the left to the right. 

Next, an operation of the shift register of the signal line 
drive circuit of the second embodiment will be described 
hereunder by referring to FIG. 6. When the lateral inversion 
of a display of an image is performed, the switches SW11, 
SWI2 and SW13 provided between the aforementioned 
delay shift registers XSR3-0, XSR3-1, XSR3-2 and the 
image data input terminals DO, Dl and D2 are turned on. 
Moreover, the switches SW21, SW22 and SW23 provided 
between the delay shift registers XSR3-0, XSR3-1, XSR3-2 
and the shift registers XSR1-0, XSR2-0; XSR1-1, XSR2-1; 
and XSR1-2, XSR2-2 are turned on. 

FIG. 6(A) illustrates such an operation of the shift regis- 
ters XSR1-0, XSR2-0 and XSR3-0. Incidentally, the switch 
SW31 (or SW32 or SW33) is closed in such a way as to 
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connect data to the shift register XSR2-0 (or XSR2-1 or 
XSR2-2). Upon completion of transfer of data of 1 line, the 
switch SWU (or SW12 or SW13) and SW21 (or SW22 or 
SW23) remain turned on, while the switch SW31 is closed 
s in such a manner as to connect data to the shift register 
XSR3-0 (or XSR1-1 or XSR1-2). As illustrated in FIG. 
6(A), image data inputted from the input terminal DO (or Dl 
or D2) are latched sequentially by the shift register XSR3-0 
(or XSR3-1 or XSR3-2). Then, the image data .are trans- 
ferred to the shift register XSR1-0 or XSR2-0 (or XSR1-1 or 
XSR2-1; XSR1-2 or XSR2-2), and shifted in a direction 
(namely, from the left to the right as viewed in this figure) 
opposite to the direction in which the image data are shifted 
in the first embodiment of FIG. 1. Thus, the inversion of a 
15 display of an image can be achieved without changing the 
order in which image data representing the image is read 
from a memory having stored the image data. 

Incidentally, when the displaying of an image is per- 
formed without conducting the lateral inversion thereof, 
20 similarly as in the case of the first embodiment, it is 
sufficient that the switch SW11 (or SW12 or SW13), which 
is provided between the delay shift register XSR3-0 (or 
XSR3-1 or XSR3-2) and the input terminal DO (or Dl or 
D2), and the switch SW21 (or SW22 or SW23), which is 
25 provided between the delay shift register XSR3-0 (or 
XSR3-1 or XSR3-2) and a pair of shift registers XSR1-0, 
XSR2-0 (or XSR1-1, XSR2-1; or XSR1-2, XSR2-2) are 
turned off, as illustrated in FIG. 6(B), and thai the image data 
is latched by the shift register XSR1-0 or XSR2-0 (or 
30 XSR1-1 or XSR2-1; or XSR1-2, XSR2-2). 

In the case of a conventional electro-optical device, when 
the lateral inversion of a display of an image is performed, 
an external control device needs to change a direction, in 
which image data is read, by using software. Thus, the 
35 conventional electro-optical device has a drawback in that a 
heavy load is put on the software. However, as a result of 
applying the signal line drive circuit to the device, the 
control device has only to generate the signal R/L for 
controlling the switches SW11 to SW23. Consequently, this 
40 embodiment has an advantage in that the load put on the 
software is considerably lightened. 

FIG. 7 illustrates the operation timing of the signal line 
drive circuit of the embodiment of FIG. 5. As is obvious 
from the comparison between FIGS. 7 and 2, the signal line 
45 drive circuit of the embodiment of FIG. 5 has an advantage 
in that operations of the shift registers need only one kind of 
clocks. This is because the signal line drive circuit is 
controlled in the following manner. Namely, when the 
clocks CLK, CLK are supplied to the shift registers XSR1-0, 
so XSR1-1 and XSR1-2 by using the switches SW41, SW42; 
and SW43, SW44 for changing the supplying of the clocks, 
the supplying of clocks to the shift registers XSR2-0, 
XSR2-1 and XSR2-2 is interrupted. Conversely, when the 
clocks CLK, CLK are supplied to the shift registers XSR2-0, 
55 XSR2-1 and XSR2-2, the supplying of clocks to the shift 
registers XSR1-0, XSR1-1 and XSR1-2 is interrupted. The 
signal LAT for controlling the data switching/transferring 
switches SW1-0, SW2-0; SWM, SW2-1; SW1-2, SW2-2 
may be also used as the signal SW (or SW) for controlling 
60 the switches SW41, SW42; SW43, SW44. 

FIG. 8 shows another embodiment of the signal line drive 
circuit of the present invention. This embodiment is a 
modification of the signal line drive circuit of the embodi- 
ment illustrated in FIG. 1. Namely, the shift registers XSR2- 
65 0, XSR2-1 and XSR2-2 of the embodiment of FIG. 1 are 
replaced with register XLT1-2, XLT2-2 and XLT3-2 that do 
not have the shifting function. Moreover, the switches 
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SW1-0, SW2-0; SWM, SW2-1; SW1-2 and SW2-2 for As illustrated in FIG. 13, a liquid crystal projector 870 is 

switching data are provided between the shift registers a projector that employs a transparent liquid crystal panel as 

XSR1-0, XSR2-0;XSRl-l,XSR2-l;XSRl-2, XSR2-2 and a light valve. This liquid crystal projector 870 has, for 

the D/A converters DAC1 to DACn in the embodiment of example, a triple prism type optical system. In the projector 

FIG. 1, while such switches are provided between the shift 5 870 of FIG. 13, projection light irradiated from a lamp unit 

registers XSR1-1, XSR2-1 and XSR3-1 and the registers 871 serving as a white light source is divided by a plurality 

XLTl-2, XLT2-2 and XLT3-2 in the second embodiment. of mirrors 873 and two dichroic mirrors 874 into component 

As described above, the second embodiment has the light rays respectively corresponding to primary colors R, G 

advantage in that the circuit uses only one kind of clock and B in a light guide 872. Such light components are 

signals for shifting data. However, during the data latched by 1Q directed to three liquid crystal panels 875, 876 and 877 

the shift registers XSR1-1, XSR2-1 and XSR3-1 is trans- respectively displaying images of such colors. Then, the 

ferred to the registers XLT1-2, XLT2-2 and XLT3-2, these component light rays modulated by the liquid crystal panels 

shift registers cannot latch new image data. Thus, the 875, 876 and 877 are incident on a dichroic prism 878 from 

latching timing should be changed. three directions. In the dichroic prism 878, the component 

FIG. 9 shows still another embodiment of the signal line light rays respectively corresponding to R (red) component 

drive circuit of the present invention. This embodiment is a 15 n S nt and B (blue) component light are deflected by 90 

modification of the signal line drive circuit of the embodi- degrees. On the other hand, G (green) component light 

ment of FJG. 5, which is obtained in a manner similar to the lI ! avels rectili nearly. A color image is obtained by synthe- 

way in the case of changing the signal line drive circuit of sizin S ima 5 es of such colors a »o" projected on a screen 

the embodiment of FIG. 1 to that of the embodiment of FIG. throu fih a projection lens. 

8. Namely, the shift registers XSR1-2, XSR2-2 and XSR3-2 20 Additionally, examples of electronic equipment, to which 

of the embodiment of FIG. 5 are replaced with the simple the ? rcsent mventl0n can be a PP^, are an engineering 

registers XLTl-2, XLT2-2 and XLT3-2, respectively. workstat ^n, a pager or a portable telephone, a word 

Moreover, the switches SW1-0, SW2-0; SWM, SW2-1; P rocessor > a television set, a viewfinder type or direct-view- 

SW1-2 and SW2-2 for switching data are provided between lTrT°^ " F ? n ° teb0 °p^ n f"* 0 *? 

iu~ cK.-ft 7CD1 1 YCD1 1 a vc r> i 1 i i 25 desk calculator, a car navigation device, a POS (point-of- 

tne shut registers ZSR1-1, XSR2-1 and XSR3-1 and the n • \ * • i j • j ■ L L • 

VI b T1 t vi t**i i t vi t"! ' i . . " service) terminal and various devices each having a touch 

registers XLTl-2, X1.T2-2 and XLT3-2 in this embodiment, pane i b 

differently from the first embodiment of FIG. 1 in which M descnbed ab (he ddve drcuit of (hc 

xsS iT x1r2 oVsrm ' Is^T^S \ i\lff C h invemion is confi ^ urcd 50 that a shift re * ister * us " d as » 

XbR 1 -0, XSR2-0, XSR 1-1, XSR2-1, XSR1-2, XSR2-2 and 3o circuit for latching image data input from an external circuit. 

the D/A converters DAC1 to DACn m the embodiment of the Icngth of data hnes between an input terminal for 

FIG - 1 inputting image data and a shift register for latching the 

The embodiment of FIG. 9 has an advantage in that the image data is reduced. Further, in the case of the drive circuit 

number of switches and the number of kinds of control of the present invention, there is no need for considering the 

signals are reduced, as compared with the embodiment of 35 timing margin of clocks providing each of latch circuits with 

FIG. 5. However, during the data latched by the shift the latching timing, differently from the conventional drive 

registers XSR1-L XSR2-1 and XSR3-1 is transferred to the circuit. Consequently, image data is input thereto from the 

registers XLTl-2, XLT2-2 and XLT3-2, these shift registers external circuit at a high speed. Moreover, the present 

cannot latch new imaue data. Thus, the latching timing invention has advantageous effects in thatthe present inven- 

should be changed, similarly as in the case of the embodi- n l ! on P rovides a drive circuil for a ^id crystal display 

ment of FIG 8 device, which can lower the driving ability of an IC for 

Although the embodiments of the signal line drive circuit JP^J* image data and deCreaSe ,he pOWer "■""mptioD 

of the present invention in the case of using 3-bit image data A1 , u . c j i_ j- , r.x 

u u j u j l u u . j . . a .i Although the preferred embodiments of the present inven- 

have been described above, it should be understood that the don have fe been J^.^ ab it ^ b£ J| deislood ^ 

present invention is not limited thereto. For example, in the 45 the m invcotion & not limiled tnerel0 and lhat omer 

case that the image data is 6-bil data or other single-bit or modifications will be apparent to those skilled in the art 

multi-bit data, the present invention can be applied to the without departing from the spirit of the invention. 

signal line drive circuit. Namely, it is sufficient for the drive The scope of the present invention( therefore, should be 

circuit to have shift registers of sets of the number that is determined solely by the appended claims. 

equal to the number of bits composing the image data. 50 What is claimed is: 

Next, embodiments of electronic equipment, such as an 1. A drive circuit for an electro-optical device, to which 

electro optical device having a liquid crystal panel substrate N-bit digital image data is input (N is a positive integer), said 

using the aforementioned signal line drive circuit, and a drive circuit converting the digital image data to a voltage 

portable computer or a liquid crystal projector, which has signal corresponding to one of 2^ gray scales and supply the 

this electro-optical device, will be described hereinbelow. 55 voltage signal to a signal line, comprising: 

As illustrated in FIG. 11, a liquid crystal display device a plurality of pairs of shift registers that latch signals 

850 serving as an electro-optical device is constructed by respectively representing bits of the image data and for 

stacking backlights 851, a polarizer 852, a liquid crystal holding the latched signals; 

panel substrate (or a TFT substrate) 853, a liquid crystal 854, a D/A converter that performs D/A conversion of the' 

a counter substrate 855 having a counter electrode and a 60 image data latched by said shift registers N-bits by 

color filter, and a polarizer 856 in this order. In this N-bits, to generate voltage signals corresponding to 2 N 

embodiment, as described above, a pixel area and the drive gray scales and to supply the voltage signals to a signal 

circuit 878 of the aforementioned embodiment are formed line; and 

on a TFT substrate 853. a switch group that selectively supplies said D/A con- 
As illustrated in FIG. 12, a portable computer 860 has a 65 verier with the image data latched by one of the shift 
main unit portion 862, which has a keyboard 861, and a registers of each of the plurality of pairs of shift 
liquid crystal display screen 863. registers, 
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said plurality of pairs of shift registers repeatedly and 
alternatively performing an operation of supplying said 
D/A converter with image data held by one of the shift 
registers of each of said plurality of pairs of shift 
registers when image data is latched by an other one of 5 
the shift registers. 

2. The drive circuit for an electro-optical device according 
to claim I, among switches of said switch group, switches 
other than a switch for transferring image data held by said 
shift register closest to said D/A converter being placed 10 
between said plurality of pairs of shift registers. 

3. The drive circuit for an electro-optical device according 
to claim 1, further comprising: 

a third shift register, provided corresponding to each of 
said plurality of pairs of shift registers, for latching 15 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said switches, 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 
pair during the transferring of image data to the one of 
the shift registers. 

4. The drive circuit for an electro-optical device according 
to claim 1, further comprising a switch for selectively 
supplying a shifting clock signal to each of said plurality of 
pairs of shift registers. 

5. A liquid crystal panel substrate comprising: 
a drive circuit, to which N-bit digital image data is input 

(N is a positive integer), said drive circuit converting 
the digital image data to a voltage signal corresponding 
to one of 2^ gray scales and supplying the voltage ^ 
signal to a signal line, said drive circuit having: 

a plurality of pairs of shift registers that latch signals 
respectively representing bits of the image data and for 
holding the latched signals; 

a D/A convener thai D/A-converts the image data latch by 45 
said shift registers N-bits by N-bits, to generate voltage 
signals corresponding to 2^ gray scales and to supply 
the voltage signals to a signal line; and 

a switch group that selectively supplies said D/A con- 
verter with the image data latched by one of the shift 50 
registers of each of the plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of supplying said 
D/A converter with image data held by one of the shift 55 
registers of each of said plurality of pairs of shift 
registers when image data is latched by an other one of 
the shift registers; and 

a pixel area having: 

a plurality of pixel electrodes; 

signal lines that supply voltages to be applied to said 

plurality of pixel electrodes; and 
scanning lines for selecting pixels to which the voltages 

are applied, 65 
said drive circuit supplying said signal lines with voltages 

respectively corresponding to image data. 
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6. The liquid crystal panel substrate according to claim 5, 
among switches of said switch group, switches other than a 
switch for transferring image data held by said shift register 
closest to said D/A converter being placed between said 
plurality of pairs of shift registers. 

7. The liquid crystal panel substrate according to claim 5, 
farther comprising: 

a third shift register, provided corresponding to each of 
said plurality of pairs of shift registers, for latching 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said switches, 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 
pair during the transferring of image data to the one of 
the shift registers. 

8. The liquid crystal panel substrate according to claim 5, 
further comprising a switch for selectively supplying a 
shifting clock signal to each of said plurality of pairs of shift 
registers, 

9. A liquid crystal device comprising: 
a liquid crystal panel substrate having: 

a drive circuit, to which N-bit digital image data is input 
(N is a positive integer), said drive circuit converting 
the digital image data to a voltage signal corresponding 
to one of 2^ gray scales and supplying the voltage 
signal to a signal line, said drive circuit having: 

a plurality of pairs of shift registers that latch signals 
respectively representing bits of the image data and for 
holding the latched signals; 

a D/A converter that D/A-converts the image data latched 
by said shift registers N-bits by N-bits, to generate 
voltage signals corresponding to 2^ gray scales and to 
supply the voltage signals to a signal line; and 

a switch group that selectively supplies said D/A con- 
verter with the image data latched by one of the shift 
registers of each of the plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of supplying said 
D/A converter with image data held by one of the shift 
registers of each of said plurality of pairs of shift 
registers when image data is latched by an other one of 
the shift registers; and 

a pixel area having: 

a plurality of pixel electrodes; 

signal lines that supply voltages to be applied to said 

plurality of pixel electrodes; and 
scanning lines for selecting pixels to which the voltages 

are applied, 

said drive circuit supplying said signal lines with voltages 

respectively corresponding to image data; and 
a transparent substrate having a counter electrode, 
said liquid crystal panel substrate and said transparent 
substrate being placed at a distance from each other, 
and 
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a gap between said liquid crystal panel substrate and said 
transparent substrate being filled with liquid crystal. 

10. The liquid crystal device according to claim 9, among 
switches of said switch group, switches other than a switch 
for transferring image data held by said shift register closest 5 
to said D/A converter being placed between said plurality of 
pairs of shift registers. 

U. The liquid crystal device according to claim 9, further 
comprising: 

a third shift register, provided corresponding to each of 10 
said plurality of pairs of shift registers, for latching 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 15 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 2Q 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said switches, 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 25 
pair during the transferring of image data to the one of 
the shift registers. 

12. The liquid crystal device according to claim 9, further 
comprising a switch for selectively supplying a shifting 
clock signal to each of said plurality of pairs of shift 3Q 
registers. 

13. A projection display device, comprising: 
a light source; 

a liquid crystal panel; and 

a projection optical device that collects light modulated 35 
by said liquid crystal panel and projecting the modu- 
lated light in an enlarged manner, said liquid crystal 
panel including: 

a liquid crystal panel substrate having: 

a drive circuit, to which N-bit digital image data is input 
(N is a positive integer), said drive circuit converting 
the digital image data to a voltage signal corresponding 
to one of 2^ gray scales and supplying the voltage 
signal to a signal line, said drive circuit having: 45 

a plurality of pairs of shift registers that latch signals 
respectively representing bits of the image data and for 
holding the latched signals; 

a D/A converter that D/A-converts the image data latched 
by said shift registers N-bits by N-bits, to generate so 
voltage signals corresponding to 2^ gray scales and to 
supply the voltage signals to a signal line; and 

a switch group that selectively supplies said D/A con- 
verter with the image data latched by one of the shift 
registers of each of the plurality of pairs of shift ss 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of supplying said 
D/A converter with image data held by one of the shift 
registers of each of said plurality of pairs of shift 60 
registers when image data is latched by an other one of 
the shift registers; and 

a pixel area having: 

a plurality of pixel electrodes; 65 
signal lines that supply voltages to be applied to said 
plurality of pixel electrodes; and 
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scanning lines for selecting pixels to which the voltages 
are applied, 

said drive circuit supplying said signal lines with voltages 

respectively corresponding to image data; and 
a transparent substrate having a counter electrode, 
said liquid crystal panel substrate and said transparent 
substrate being placed at a distance from each other, 
and 

a gap between said liquid crystal panel substrate and said 
transparent substrate being filled with liquid crystal. 

14. The projection display device according to claim 13, 
among switches of said switch group, switches other than a 
switch for transferring image data held by said shift register 
closest to said D/A converter being placed between said 
plurality of pairs of shift registers. 

15. The projection display device according to claim 13, 
further comprising: 

a third shift register, provided corresponding to each of 
said plurality of pairs of shift registers, for latching 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said switches, 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 
pair during the transferring of image data to the one of 
the shift registers. 

16. The projection display device according to claim 13 
further comprising a switch for selectively supplying a 
shifting clock signal to each of said plurality of pairs of shift 
registers. 

17. An electro-optical device having a liquid crystal panel 
for displaying an image thereon, said liquid crystal panel 
comprising: 

a liquid crystal panel substrate having: 

a drive circuit, to which N-bit digital image data is input 
(N is a positive integer), said drive circuit converting 
the digital image data to a voltage signal corresponding 
to one of 2^ gray scales and supplying the voltage 
signal to a signal line, said drive circuit having: 

a plurality of pairs of shift registers that latch signals 
respectively representing bits of the image data and for 
holding the latched signals; 

a D/A converter that D/A-converts the image data latched 
by said shift registers N-bits by N-bits, to generate 
voltage signals corresponding to 2^ gray scales and to 
supply the voltage signals to a signal line; and 

a switch group that selectively supplies said D/A con- 
verter with the image data latched by one of the shift 
registers of each of the plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of supplying said 
D/A converter with image data held by one of the shift 
registers of each of said plurality of pairs of shift 
registers when image data is latched by an other on of 
the shift registers; and 

a pixel area having: 
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a plurality of pixel electrodes; 

signal lines that supply voltages to be applied to said 

plurality of pixel electrodes; and 
scanning lines for selecting pixels to which the voltages 

are applied, 5 
said drive circuit supplying said signal lines with voltages 

respectively corresponding to image data; and 
a transparent substrate having a counter electrode, 
said liquid crystal panel substrate and said transparent 10 

substrate being placed at a distance from each other, 

and 

a gap between said liquid crystal panel substrate and said 
transparent substrate being filled with liquid crystal. 

18. The electro-optical device according to claim 17, 15 
among switches of said switch group, switches other than a 
switch for transferring image data held by said shift register 
closest to said D/A converter being placed between said 
plurality of pairs of shift registers. 

19. The electro-optical device according to claim 17, 20 
further comprising: 

a third shift register, provided corresponding to each of 
said plurality of pairs of shift registers, for latching 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 30 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said switches, 35 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 
pair during the transferring of image data to the one of 
the shift registers. 

20. The electro-optical device according to claim 17 40 
further comprising a switch for selectively supplying a 
shifting clock signal to each of said plurality of pairs of shift 
registers. 

21. Electronic equipment including an electro-optical 
device, said electro-optical device having a liquid crystal 45 
panel for displaying an image thereon, said liquid crystal 
panel comprising: 

a liquid crystal panel substrate having: 

a drive circuit, to which N-bit digital image data is input 
(N is a positive integer), said drive circuit converting 50 
the digital image data to a voltage signal corresponding 
to one of 2^ gray scales and supplying the voltage 
signal to a signal line, said drive circuit having: 

a plurality of pairs of shift registers that latch signals 
respectively representing bits of the image data and for 
holding the latched signals; 

a D/A converter that D/A-converts the image data latched 
by said shift registers N-bits by N-bits, to generate 
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voltage signals corresponding to 2^ gray scales and to 
supply the voltage signals to a signal line; and 
a switch group that selectively supplies said D/A con- 
verter with the image data latched by one of the shift 
registers of each of the plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of supplying said 
D/A converter with image data held by one of the shift 
registers of each of said plurality of pairs of shift 
registers when image data is latched by an other on of 
the shift registers; and 

a pixel area having: 

a plurality of pixel electrodes; 

signal lines that supply voltages to be applied to said 

plurality of pixel electrodes; and 
scanning lines for selecting pixels to which the voltages 

are applied, 

said drive circuit supplying said signal lines with voltages 

respectively corresponding to image data; and 
a transparent substrate having a counter electrode, 
said liquid crystal panel substrate and said transparent 
substrate being placed at a distance from each other, 
and 

a gap between said liquid crystal panel substrate and said 
transparent substrate being filled with liquid crystal. 

22. The electronic equipment according to claim 21, 
among switches of said switch group, switches other than a 
switch for transferring image data held by said shift register 
closest to said D/A converter being placed between said 
plurality of pairs of shift registers. 

23. The electronic equipment according to claim 21, 
further comprising: 

a third shift register, provided corresponding to each of 
said plurality of pairs of shift registers, for latching 
image data; and 

switches provided between said third shift register and a 
digital image input terminal and between said third 
shift register and each of said plurality of pairs of shift 
registers, 

said plurality of pairs of shift registers repeatedly and 
alternately performing an operation of transferring 
image data to one of the shift registers of each of said 
plurality of pairs of shift registers after the image data 
to be transferred is latched by said third shift register 
from said input terminal by controlling said' switches, 
and supplies said D/A converter with image data held 
by the other of the shift registers of a corresponding 
pair during the transferring of image data to the one of 
the shift registers. 

24. The electronic equipment according to claim 21, 
further comprising a switch for selectively supplying a 
shifting clock signal to each of said plurality of pairs of shift 
registers. 
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ABSTRACT 



A structure of an active matrix liquid crystal display device 
for carrying out gradation display with a digital picture 
signal being input is simplified. In order to carry out display 
of multilevel gradation, for example, 64 levels of gradation, 
eight kinds of gradation voltage in eight periods obtained by 
dividing one line period are selected. Here, information with 
regard to the eight kinds of gradation voltage and informa- 
tion with regard to the eight kinds of selection timing are 
supplied to digital decoders. Based on the information, 
gradation voltage is selected according to predetermined 
timing. By this, 64 levels of gradation can be displayed. 
Since, in this structure, there are only eight levels of gra- 
dation voltage in one liming, the structure of the circuit can 
be simplified. 

17 Claims, 10 Drawing Sheets 
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DISPLAY DEVICE AND METHOD OF 
DRIVING DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a display device which 
displays an image by pixels disposed so as to be in a matrix. 
For example, the invention disclosed herein is applicable to 
an active matrix liquid crystal display device and an EL 
(electro-luminescent) display. 

2. Description of the Related Art 
Conventionally, active matrix liquid crystal display 

devices have been known. Such a display device is struc- 
tured such that thin film transistors for switching are dis- 
posed for respective pixel electrodes disposed in a matrix of 
several hundreds x several hundreds or more, and that 
electric charge retained at the respective pixel electrodes is 
controlled by the thin film transistors. 

In order to display a picture of high quality, how finely 
gradation display can be carried out is important. 

FIG. 3 illustrates a structure of a classical active matrix 
liquid crystal display device. A shift register and a buffer 
circuit generally referred to as a peripheral driving circuit are 
formed by disposing exterior type IC circuits on a substrate. 

Further, thin film transistors 1 utilizing amorphous semi- 
conductor formed on a glass substrate are disposed with 
regard to the respective pixels in the active matrix circuit. A 
liquid crystal cell 2 comprising a pixel electrode, liquid 
crystal, and a counter electrode is connected with each of the 
thin film transistors 1. 

Another structure is also known in which quartz is utilized 
as a substrate and a thin film transistor is formed with a 
crystalline semiconductor film. In this case, both the periph- 
eral driving circuit and the active matrix circuit comprising 
thin film transistors formed on a quartz substrate. 

Still a technique is also known that a thin film transistor 
is formed with a crystalline semiconductor film on a glass 
substrate by utilizing such as laser annealing. Such a tech- 
nique makes it possible to integrate the active matrix circuits 
and the peripheral driving circuit on a glass substrate. 

In a structure as shown in FIG. 3, by a signal from a shift 
register circuit 11 of a source driver (a shift register for 
horizontal scanning), a picture signal 13 to be supplied to a 
picture signal line 12 is selected according to timing shown 
in FIG. 3B. Then, a predetermined picture signal is supplied 
to a corresponding source signal line 14. 

The picture signal 13 supplied to the source signal line 14 
is selected by the thin film transistor 1 to be written in a 
predetermined pixel electrode. 

The thin film transistor is operated according to a selec- 
tion signal supplied via a gate signal line 15 from a shift 
register of a gate driver (a shift register for vertical scanning) 
which is not shown. 

By sequentially and repeatedly carrying out the above- 
mentioned operation according to appropriately set timing 
based on signals from the shift register 11 of the source 
driver and from the shift register of the gate driver, infor- 
mation is sequentially written to the respective pixels dis- 
posed so as to be in a matrix. 

After pixel information for one picture is written, pixel 
information for the subsequent picture is written. In this way, 
pictures are displayed one after another. Typically, writing of 
information for one picture is carried out 30 times or 60 
times per second. 
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In such operation, in order to carry out gradation display, 
a picture signal is required to include a signal corresponding 
to the necessary gradation. 

In case a signal supplied to the device is an analog signal, 
5 since the signal includes a signal necessary for gradation 
display, even the structure shown in FIG. 3A can accom- 
modate gradation display to some extent. 

However, in case display is carried out based on a digital 
signal from a magnetic recording medium, a digital circuit 
10 or the like, a problem arises with the structure shown in FIG. 
3A. 

In case the base signal is digital, an analog picture signal 
as shown in FIG. 3B must be produced by a D/A converter. 

35 The number of levels of gradation necessary for a portable 
information processing terminal or the like is 64 or more. 
However, if a picture signal including information for 64 
levels of gradation is to be produced by a D/A converter, 
there is a problem that the structure of the D/A converter is 

20 required to be complicated, which leads to higher cost. 
Especially in case the display device is highly integrated, 
the D/A converter is also required to be formed on a panel 
with a thin film transistor. However, it is very difficult to 
form the D/A converter for producing information for 64 

25 levels of gradation as described above by using a thin film 
transistor. 

For example, suppose the XGA standard (1024x768 
pixels) is adopted to write a picture 60 times per second. In 
this case, it takes ((y<so)/768) sec, i.e., 21.7 juscc to sequen- 

30 tially supply a signal from the first to the 1024th source 
signal lines in one line. 

Further, time period from a time when a shift register of 
the n th stage starts its operation to a time when a shift 
register of the (n+1) th stage starts its operation is 1/1024 

35 thereof, i.e., 21.2 /msec, which means that the operation 
speed of 47 MHz or more is required. 

Even just to produce an analog signal corresponding to 64 
levels of gradation at an operating speed of about 47 MHz 

^ is burdensome for a D/A converter. Thus, it goes without 
saying that it is very difficult to form a D/A converter having 
such ability with a thin film transistor. 

SUMMARY OF THE INVENTION 

45 Accordingly, it is an object of the invention disclosed 
herein to provide a structure of an active matrix type display 
device for displaying a picture with a digital signal being as 
an input signal, which can carry out gradation display of 64 
levels or more with a relatively simple circuit structure. 
50 According to one aspect of the present invention, an 
active matrix type display device comprises: 

gate signal lines and source signal lines disposed so as to 
be lattice; 

55 at least one thin film transistor disposed around intersec- 
tions of the gate signal lines and source signal lines; and 
means for selecting gradation voltage to be supplied to the 
source signal lines provided for each of the source 
signal lines, 

60 wherein selection of gradation voltage by the means for 
selecting gradation voltage is carried out by selecting 
one among a plurality of divided periods obtained by 
dividing one line period and by selecting gradation 
voltage set in each of the divided periods. 
65 A specific example of the structure as described above is 
shown in FIG. 1. In the structure shown in FIG. 1, as the 
means for selecting gradation voltage, a memory 1 and a 
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memory 2 for taking in information on gradation voltage to disposed, over the substrate, around intersections of the gate 

be selected and then supplied to a digital decoder, and a D/A signal lines and source signal lines is characterized in that 

converter for selecting voltage are shown. selection of gradation voltage to be supplied to the plurality 

In the structure as described above, gradation voltage to of source lines is carried out by selecting one period set by 

be supplied to the source signal lines is selected among the 5 dividing one line period into a plurality of sections and by 

product of the number N of the divided periods of one line selecting a voltage level set in the one period, 

period and the number M of gradation voltage levels set in In the structure as described above, the operating time of 

each divided period of one line period (NxM). the thin film transistor must be shorter than the length of the 

For example, FIG. 2 shows timing for supplying gradation one period set by dividing the one line period into a plurality 

voltage to be selected by a D/A converter in case one line 10 of sections. 

period is divided into eight periods and voltage to be This is because the time required to write necessary 

supplied to the source signal line is selected among eight gradation information to a pixel electrode is limited within 

levels of gradation voltage set in each divided period. a period obtained by dividing one line period. 

In case the timing for supplying gradation voltage shown nFSPRlPTlON OF THF DRAWINGS 

in FIG. 2 is adopted, 8x8=64 levels of gradation display can 15 BRIEF DESCRIPTION OF THE DRAWINGS 

be displayed. FIG. 1 illustrates a schematic structure of an active matrix 

In the structure as described above, the time required for liquid crystal display device as an embodiment of the 

the thin film transistor disposed in the pixel to write infor- present invention; 

mation to the pixel electrode must be shorter than the length FIG. 2 illustrates relationship between supplied gradation 

of one divided period. 20 voltage and timing for supplying it; 

In the structure as described above, the means for select- FIGS 3 A _3 B illustrates a schematic structure of a con- 
ing gradation voltage is controlled by: ventional active matrix liquid crystal display device; 
information with regard to which period is to be selected piG. 4 schematically illustrates a shift register circuit; 

among the periods set by dividing one line period; and FIG. 5 schematically illustrates memory circuits; 

information with regard to which gradation voltage level FIG. 6 schematically illustrates a D/A converter circuit; 

is to be selected among the plurality of gradation BG ? schematicall illuslrates the D/A converter circuit; 

voltage levels set in the selected divided period, and rt . 1t . • <* , . . , / * 

. r FIG. 8 illustrates timing for supplying a signal to the D/A 

selection ol a predetermined level of gradation voltage converter circuit- 

according to predetermined timing. . . . ,„ 30 FIGS. 9A-9F illustrates a manufacturing process of a thin 

According to another aspect or the present invention, an & r 

. , j . film transistor; 

active matrix type display device comprises: ' ^ 

, ... ,. , . FIGS. 10A-10B illustrates the manufacturing process of 

gate signal lines and source signal lines disposed so as to C1 t , 

1 1 *j* a thin film transistor; and 
be lattice; 

t , . fl1 , . » • , j . „ „ FIGS. 11A-11F illustrates examples of units utilizing an 

at least one thin film transistor disposed around intersec- 35 , . r . , ,. , r A • & 

4 . ,,. j ,i- 1 active matrix liquid crystal display device. 

Uons of the gate signal lines and source signal lines; and ^ J r J 

means for selecting gradation voltage to be supplied to the DETAILED DESCRIPTION OF THE 

source signal lines provided for each of the source PREFERRED EMBODIMENTS 

signal lines, wherein: embodiment of the present invention is now described 

selection of gradation voltage by the means is carried out 40 taking as an example an active matrix liquid crystal device 

by selecting one period set by dividing one line period shown in FIG. 1. 

into N sections and by selecting among M gradation Information supplied to digital decoders 1-6 which is a 

voltage levels set in the period; combination of a selection signal with regard to eight levels 

gradation voltage to be supplied to the source signal lines ^ 0 f gradation and a selection signal with regard to eight kinds 

is selected among the product of the number N of the 0 f timing (8 2 =64 kinds of information) is sequentially writ- 

divided periods of one line period by the number M of ten to a group of memories 1 according to a signal from a 

gradation voltage levels set in one period set by divid- horizontal scanning shift register. 

ing one line period into N portions (NxM); 0ne line period is defined as a lime period until one cycle 
the thin film transistor has a function to write picture 5Q 0 f writing of the information to the group of memories 1 is 
information to a pixel electrode; and ended. In other words, one line period is defined as a time 
the time required for the thin film transistor to write period from the point when writing of information from the 
information is shorter than the length of one period set digital decoders to the leftmost memory 1 in FIG, 1 is started 
by dividing one line period into N sections. to the point when writing of information from the digital 
In the structure as described above, the means for select- 5S decoders to the rightmost memory 1 in FIG. 1 is ended, 
ing gradation voltage is controlled by: The 64 kinds of information supplied to the digital 
information with regard to which period is to be selected decoders are supplied at appropriate times according to 
among the periods set by dividing one line period into timing of writing to the respective memories 1. 
N sections; and After writing of information to the group of memories 1 
information with regard to which gradation voltage level 60 is ended, information written to the group of memories 1 is 
is to be selected among M gradation voltage levels set simultaneously transferred to a group of memories 2 accord- 
in the period set by the division into N sections. ing to timing of operation of the shift register. 
According to still another aspect of the present invention, To the group of memories 1 in which the information has 
a method of driving a display device with a pixel matrix been transferred to the group of memories 2, information 
comprising a plurality of gate signal lines and a plurality of 65 supplied to the digital decoders is sequentially written again 
source signal lines disposed so as to be lattice over a according to a signal from the horizontal scanning shift 
substrate, and further, at least one thin film transistor register. 
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In this second cycle of one line period, gradation voltage gradation voltage shown in FIG. 2 is selected by the D/A 

is selected according to the information which is written to converter, and is supplied to a source signal line 102. 

the group of memories 1 in the first cycle of one line period The signal voltage corresponding to a predetermined level 

and which is transferred to the group of memories 2 when of gradation and supplied to the source signal line is selected 

the second cycle of one line period is started. 5 by a thin film transistor which is disposed in each pixel 

As shown in FIG. 2, gradation voltage obtained by (pixel transistor) and which operates according to a signal 

dividing voltage corresponding to eight levels of gradation f rom a shift register of a gate driver (a shift register for 

into eight (8x8) in one line period is supplied. Accordingly, horizontal scanning) which is not shown. In this way, picture 

64 kinds of gradation voltage are supplied in one line period. information corresponding to a predetermined level of gra- 

One among the 64 kinds of gradation voltage shown in 10 Nation is written to each pixel. 

FIG. 2 is selected by a D/A converter based on the infor- (Detailed operation) 

mation written to each of the memories 2. Detailed operation is described in the following. In FIG. 

In each of the memories 2, information with regard to ± six decoder lines 1-6 are shown, 

which gradation voltage is to be selected among the eight A signal with rcgard t0 which of the cignt levels of 

levels of gradation voltage in which period among the J5 gradation voltage , 2 3 o8) is to be selected is supplied to three 

periods obtained by dividing one line period into eight is of ^ digUal decoder Unes 

wntten - . „ . ^ . , , . , r A signal with regard to which of periods obtained by 

Based on the information, a predetermined kind of gra- diyidin Qnc ^ iod ^ ^ ^ is tQ be sdccted is 

dation voltage is selected according to predetermined timing jj to ^ ^ ^ decodcr ^ 

by the D/A converter. The selected kind of gradation voltage ^ ™ combini thesc signals supplied to the digilal decoder 

is supplied to a source signal line. ^ 2 3 x2 3 =64 kinds of information can be obtained (64 

The gradation voltage supplied to the source signal line is kvcls of gradation voltage sequentially sent according to the 

selected by a thin film transistor which operates according to timing shown m the figure are selected based on these 64 

a signal from a vertical scanning shift register which is not kkds of information> which will be described in the 

shown. In this way, information corresponding to a prede- ^ f 0 u owmg ) 

terminal level of gradation is written to a predetermined Qne hne period ^ ^ nece ssary to write information to 

pi^l* all pixels in a column (a horizontal line). This one line period 

It is to be noted that writing of information to a pixel equals to time necessary for the shift register of source driver 

electrode by a thin film transistor must be completed within ( the horizontal scanning shift register) to operate sequen- 

a period obtained by dividing one line period into eight. 30 t j a u v f rom one end t0 ano ther. 

Timing of supplying gradation voltage to a source line Eight signal lines to which gradation voltage is supplied 
depends on which of the gradation levels shown in FIG. 2 is are supplied with signal voltage as shown in FIG. 2. More 
selected. In other words, timing of supplying gradation specifically, one line period is divided into eight, and signal 
voltage to a source signal line depends on which of the voltage corresponding to eight levels of gradation is sup- 
periods obtained by dividing one line period into eight 35 plied to the respective eight signal lines in each Va of one line 
includes the gradation level to be selected. period. Accordingly, in one period obtained by dividing one 

For example, if attention is paid to a predetermined line line period into eight, signal voltage for only eight levels of 

of pixel group (in FIG. 1, a predetermined line of pixel row), gradation is supplied. 

writing of information to this line of pixel group is carried For example, gradation voltage is supplied, as. shown in 

out according to eight kinds of timing according to the 40 FIG. 2, such that gradation voltage Vj-V 8 is supplied in the 

gradation levels. first eighth of one line period, and such that gradation 

Therefore, different from the case of the conventional voltage V p -V 16 corresponding eight levels of gradation is 

structure shown in FIG. 3, timing of supplying gradation supplied in the second eighth of one line period, 

voltage to source signal conductors is not to supply grada- In this way, signal voltage for eight levels of gradation is 

tion voltage sequentially according to signals from a hori- 45 allotted to each of the eight periods obtained by dividing one 

zontal scanning shift register. line period as shown in FIG. 2. 

(Embodiment 1) By combining eight levels of signal voltage and eight 

FIG. 1 schematically illustrates an active matrix liquid kinds of timings obtained by the division of one line period, 

crystal display device as Embodiment 1. In a matrix circuit, signal voltage corresponding to 64 levels of gradation is 

a gate signal line 101 is formed for each row and a source 50 supplied in one line period. 

signal line 102 is formed for each columns. A thin film In actual operation, the digital decoders 1-6 takes in, 

transistor 103 and a liquid crystal cell 104 comprising a pixel based on a signal from the horizontal scanning shift register, 

electrode, liquid crystal, and a counter electrode are formed information with regard to which signal is to be selected 

for each pixel. among signals for the 64 levels of gradation shown in FIG. 

(Outline of operation) 55 2 for the memories 1 corresponding to the respective source 

First, a signal to be supplied to a digital decoder 111 is signal lines, 

selected according to a signal from a shift register circuit 112 More specifically, first, the digital decoders 1-6 takes in 

of a source driver (a shift register for horizontal scanning) to information with regard to which signal is to be selected 

be stored in the memories 1. among the above signals for the 64 levels of gradation for 

After picture information corresponding to one line is 60 the first memory 1. Next, the digital decoders 1-6 takes in 

stored in the memories 1 disposed so as to correspond to the information with regard to which signal is to be selected 

respective source signal lines 102, information stored in the among the above signals for the 64 levels of gradation for 

group of memories 1 is simultaneously transferred to the the second memory 1. Such operation is sequentially carried 

group of memories 2, utilizing timing of start of writing out according to a signal from the horizontal scanning shift 

information for the subsequent line to the memories 1. 65 register. 

Based on the information stored in the group of memories Predetermined information to be written to a predeter- 

2, one among the 64 kinds of signal voltage with regard to mined memory 1 is sequentially supplied to the digital 
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decoder lines so as to correspond to timing of operation of operating margin is necessary, a thin film transistor disposed 

the shift register. in a pixel is required to have operating speed of still higher 

In this way, information with regard to which signal frequency, 

voltage is to be selected among the signal voltage for the 64 Further, the shift register of the source driver (horizontal 

levels of gradation shown in FIG. 2 is taken in the group of 5 scanning shift register), a circuit tor supplying a signal to the 

memories 1 according to the operation of the shift register. digital decoders, a circuit for supplying gradation voltage, 

After writing of information for one line period to the the memories 1, the memories 2, and the D/A converters are 

group of memories 1 is ended, information written to the required to have operating performance to operate within a 

group of memories 1 is simultaneously transferred to the period obtained by dividing one line period by the number 

group of memories 2 just before writing of information for 10 of horizontal pixels. 

the subsequent one line period is started. Then, with regard For example, suppose the XGA standard (1024x768 

to the group of memories 1, the operation as described above pixels) is adopted. In this case, one line period is ((V6o)/16S) 

is repeated once again, and information for the subsequent sec. 

one line period is written. Therefore, the horizontal scanning shift register circuit is 

In this state, each of the memories 2 stores information 15 required to operate within a time period of that time divided 

with regard to which signal is to be selected among the by the number of horizontal pixels, that is, 1024. In other 

signals for the 64 levels of gradation shown in FIG. 2. words, it is required to operate within on the order of 0.02 

According to the information, the D/A converters select //sec. This means, if converted into frequency, on the order 

gradation voltage. More specifically, gradation voltage sup- of 48 MHz or higher. 

plied in a state as shown in FIG. 2 is selected at appropriate 20 However, since information dealt with by a D/A converter 

times according to necessary timing. when attention is paid to a predetermined point of time is 

In other words, signal voltage for one among the 64 levels information for the eight levels of gradation, this is not so 

of gradation supplied according to the timing shown in FIG. burdensome for the D/A converters. In other words, the D/A 

2 is selected by the D/A converters based on the information converters are not required to have complicated structure, 

written to the memories 2. 25 and thus, may be ones having performance which can be 

In one line period, signal voltage corresponding to one attained with a thin film transistor, 

among the 64 levels of gradation is supplied to each of the As is described in the following, utilizing a novel crys- 

source signal lines. Therefore, depending on which signal talline semiconductor film developed by the present inven- 

voltage for eight levels of gradation is selected by the D/A tors makes it possible to form a shift register, an A/D 

converters according to which timing is selected among the 30 converter, and a memory having the above characteristic, 

eight portions obtained by dividing one line period, neces- It is to be noted that in a structure shown in the present 

sary signal voltage is supplied to a predetermined source embodiment, though time period during which information 

signal line. is retained in a pixel varies, since this is shorter than the 

Here, there are eight kinds of timing according to which length of one line period, this is not a particular problem, 

signal voltage is supplied to the respective source lines with 35 For example, suppose the XGA standard (1024x768 

regard to each source line, so as to correspond to the timing pixels) is adopted to write a picture 60 times per second. In 

shown in FIG. 2 according to which signal voltage is this case, one line period is ((Veo)/! 68) sec, i.e., on the order 

supplied. This is different from the conventional operation of 22 //sec. 

shown in FIG. 3 where signal voltage is sequentially sup- On the other hand, if the OFF current of the thin film 

plied to the source signal lines according to the operation of 40 transistor is sufficiently small, time period during which 

the shift register. information is retained in a pixel is on the order of (Vfco) sec, 

In the operation shown in the present embodiment, it is i.e., on the order of 0.016667 sec. 

necessary for the operation of the thin film transistors in the The ratio of the two values is almost 760, which can be 

respective pixels to be fast to some extent. completely neglectable in case of display of 64 levels of 

This is because time period during which a gradation 45 gradation, 

voltage signal is supplied to a source signal line is only Vs Though FIG. 1 shows an example of a liquid crystal 

of one line period. display device displaying 64 levels of gradation, the present 

For example, if the XGA standard (1024x768 pixels) is embodiment is applicable to display of 256 or 1024 levels of 

adopted to write a picture 60 times per second, time period gradation. Even in case of display of 256 or 1024 levels of 

for supplying signal voltage for one among the eight levels 50 gradation, the principle of operation is similar to the case of 

of gradation to a source signal line according to the timing display of 64 levels of gradation. 

shown in FIG. 2 obtained by dividing one line period into For example, in case of 256 levels of gradation, eight 

eight is on the order of 2.7 //sec. digital decoder lines and 16 gradation voltage lines for 

More specifically, writing for one picture lakes Veo sec, supplying gradation voltage are used. Signal voltage corre- 

one line period is ((V6o)/768) sec, and by dividing this into 55 sponding to 16 levels of gradation is allotted to each 

eight, on the order of 2.7 //sec is found. gradation voltage line in each period obtained by dividing 

Therefore, if writing of information to a pixel electrode is one line period into sixteen, and voltage signal lines of 

not completed within the period of on the order of 2.7 //sec, 16x1 6*256 levels of gradation are supplied to the gradation 

necessary writing of gradation information to the pixel voltage lines in one line period. A signal with regard to 

electrode can not be carried out. 60 which of the sixteen (2 4 ) gradation voltage lines is to be 

For example, in order to complete writing of information selected is supplied to four of the digital decoder lines. A 

within on the order of 2.7 //sec, switching time of the thin signal designating which of the periods obtained by dividing 

film transistor is required to be 1 //sec or less. In other words, one line period into sixteen is to be selected is supplied to the 

the thin film transistor is required to have operating speed of remaining four digital decoder lines, 

switching in 1 //sec or less. 65 In case of 1024 levels of gradation, 32 (2 5 ) gradation 

Operating speed of switching in 1 //sec or less means, in voltage lines for supplying gradation voltage are used, for 

short, operating speed of 1 MHz or more. Actually, since example. Ten digital decoder lines are used, and a signal 
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with regard to which of the thirty-two (2 5 ) gradation voltage 
lines is to be selected is supplied to five of the digital decoder 
lines, while a signal designating which of the periods 
obtained by dividing one line period into thirty two is to be 
selected is supplied to the remaining five digital decoder 
fines. 

Accordingly, in case of 2 X levels of gradation, x digital 
decoder lines and 2(x/2) gradation voltage lines for supply- 
ing gradation voltage are used. 
(Example of circuits structured as shown in FIG. 1) 

Here, a specific example of circuits forming the active 
matrix liquid crystal display device shown in FIG. 1 is 
shown. 

(Shift register circuit) 

FIG. 4 illustrates a specific example of the shift register 
circuit 112. SP means a start pulse. By inputting a start pulse 
signal, the shift register starts operation according to prede- 
termined timing. 

The shift register circuit 112 has a function to sequentially 
produce, according to predetermined timing, signals deter- 
mining timing of operation for the circuits corresponding to 
the source signal lines 102 (memory circuits 1). 
(Memory circuit) 

FIG. 5 schematically illustrates structure of the memories 
1 and 2 shown in FIG, 1. FIG. 5 shows circuit blocks of the 
memories 1 and 2 corresponding to the source signal lines 
102. 

Predetermined information is written to the memories 1 
from the digital decoder lines according to a signal from the 
shift register 112. 

Information written to the memories 1 is information with 
regard to eight levels of gradation voltage (hereinafter 
referred to as voltage selection bits) and information with 
regard to eight kinds of timing for selecting gradation 
voltage (hereinafter referred to as timing selection bits). 

The information is simultaneously written to the memo- 
ries 2 according to a signal supplied with regard to every one 
line period. The signal supplied with regard to every one line 
period (pulse per one line) is in synchronous with the start 
pulse inputted to the horizontal scanning shift register. 

Information written to the memories 2 is outputted from 
the memories 2 as voltage selection bits (2 3 =8 choices) and 
timing selection bits (2 3 =8 choices). 
(D/A converter) 

The D/A converters shown in FIG. 1 has a structure as 
shown in FIGS. 6 and 7. It is to be noted that signals a-h in 
FIG. 7 are repeatedly supplied with regard to each line 
according to timing as shown in FIG. 8. 

In the circuit shown in FIG. 7, a signal with regard to 
timing according to which gradation voltage is selected 
(shown as A in the figure) is supplied to the circuit shown in 
FIG. 6 according to information supplied to the timing 
selection bits and the signals a-h supplied according to the 
timing shown in FIG. 8. 

In the circuit shown in FIG. 6, based on a signal supplied 
from FIG. 7, a signal for selecting information with regard 
to the eight kinds of supply voltage to be supplied to the 
voltage selection bits (there are eight kinds of voltage 
selected according to the same timing) according to prede- 
termined timing. 

The signal is, as shown in FIG. 6 7 outputted from eight 
NAND circuits. According to the signal, one among the 
gradation voltage signals as shown in FIG. 2 is selected to 
be supplied to the source signal lines. 
(Method of manufacturing thin film transistor) 

Here, a method of manufacturing a thin film transistor 
(also referred to as TFT) which can operate at on the order 
of 50 MHz at 3.3 V-5 V 
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The thin film transistor has a characteristic that it can 
operate ten or more times as fast as a conventionally known 
low-temperature crystalline semiconductor TFT or a high- 
temperature crystalline semiconductor TFT. 
s Here, a process is described for simultaneously forming in 
parallel on the same quartz substrate a CMOS circuit utilized 
for forming a shift register circuit, a memory, and a D/A 
converter circuit, and an N -channel type thin film transistor 
utilized as a thin film transistor. 

FIGS. 9 and 10 schematically illustrate the manufacturing 
process. 

First, the surface of a quartz substrate 701 which is 
sufficiently flat is cleaned. Then, an amorphous semicon- 
ductor film 702 is formed at a thickness of 500 A on the 
quartz substrate 701 by low-pressure thermal CVD. In this 
15 way, a state shown in FIG. 9 A is obtained. 

Next, a mask 703 is formed using a silicon oxide film 
formed at a thickness of 700 A by plasma CVD. 

The mask has openings at portions 704 and 705, where the 
amorphous semiconductor film 702 is exposed (FIG. 9B). 
20 The openings are shaped to be slit-like the longitudinal 
direction of which is perpendicular to the plane of the figure. 

After the mask 703 which is a silicon oxide film is formed, 
nickel acetate solution including 10 p. p.m. (weight base) of 
nickel element is uniformly applied by spin coating. By the 
25 process, a state where nickel element is retained in contact 
with the whole surface as shown by 704 of FIG. 9B is 
obtained. 

Here, the obtained state is that nickel element is retained 
selectively in contact with a part of the amorphous semi- 

3o conductor film 702. More specifically, nickel element is in 
contact with the amorphous semiconductor film 702 in the 
regions of the openings 704 and 705 as described above. In 
this way, nickel element is introduced. 

Alternatively, nickel element may be introduced by ion 
implantation. In this case, compared with the case where 

35 nickel element solution is applied, the positions where 
nickel element is introduced can be controlled more pre- 
cisely. Therefore, this is especially effective in case, for 
example, the width of regions where nickel element is to be 
introduced is quite narrow such as several //m or less, or, the 

40 shape of the regions where nickel element is to be introduced 
is complicated. 

After nickel element is introduced in this way, heat 
treatment is carried out. 
The heal treatment is carried out in a nitrogen atmosphere 

45 at 500° C.-630° C, for example at 600° C. for eight hours. 
In this heat treatment, crystal growth 706 in the direction in 
parallel with the substrate proceeds as shown in FIG. 9C. 
The crystal growth can be made over a length of 100 /<m or 
more. 

50 The semiconductor film formed by the crystal growth 
means as described above has a specific crystal structure 
where bar-like or columnar crystals extend along the direc- 
tion of the crystal growth. 
After the crystallization is completed, heat treatment is 

55 carried out in an oxygen atmosphere containing halogen 
element, for example, in an oxygen atmosphere containing 
3 volume % of HC1 at 950° C. for 20 minutes to form a 
thermal oxide film at a thickness of 200 A. 
Here, the thickness of the semiconductor film is decreased 

60 from 500 A to 400 A. By the action of the halogen element, 
in this case, chlorine, nickel element in the semiconductor 
film is drawn out into the thermal oxide film, and thus, the 
thermal oxide film contains relatively high density of nickel 
element. 

65 In the process of forming the thermal oxide film, anneal- 
ing of detects in the film is carried out, and the crystallinity 
is greatly improved. 
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Next, the thermal oxide film is removed. In this way, (NTFT) forming the CMOS . The gate electrode 713 is for an 

nickel element in the semiconductor film can be decreased. N-channel type thin film transistor (NTFT) forming the 

In case nickel element is utilized, the density of nickel CMOS, 

which finally remains in the semiconductor film is, under the Next, P (phosphorus) is doped by plasma doping. In the 

present conditions, on the order of lxlO 14 atoms/cm 3 -5x 5 process, a source region 714, a channel region 715, and a 

10 1 * atoms/cm 3 . The lower the density is, the more prefer- drain re 8 ion 716 of the PTFT forming the CMOS are formed 

able it is. With the gettering conditions of the thermal oxide in a self-aligning manner. 

film being fixed, the upper limit of the density can be Ncxt > B ( boron ) * s doped by plasma doping. In the 

decreased as low as 5xl0 17 atoms/cm 3 . The density can be Process, a source region 719, a channel region 718, and a 

measured utilizing SIMS (secondary ion mass 10 drain region 717 of the NTFT forming the CMOS are 

t , \ formed in a self-aligning manner. Further, a source region 

Kr , - n - - no . - ftn a i i r 720, a channel region 721, and a drain region 722 of the 

Next, patterns 707, 708, and 709 to be an active layer of ^ dis d > ixe J af£ f . \ f 

the thin film transistor are formed as shown in FIG. 9D. manner Ir f mis / state shown in ma 9E ^ ob £ n J 

After the patterns of the active Tayer are formed, a silicon In the doping process as described above> in case p 

oxide film forming a gate insulating film is formed at a is (phosphorus) is doped, regions where B (boron) is to be 

thickness of 400 A by plasma CVD. doped are masked with- resist, while, in case B (boron) is 

Further, a thermal oxide film is again formed at a thick- doped, regions where P (phosphorus) is to be doped are 

ness of 300 A. The thermal oxide film is formed in an masked with resist. In this way, the PTFT and NTFT are 

oxygen atmosphere containing 0.1-10 volume %, for formed. 

example, 3 volume %, of HC1 at 950° C. for 30 minutes. 20 After the doping as described above is completed, by laser 

Here, the thermal oxide film is formed on the surface of light irradiation, activation of the regions where the doping 

the active layer. In this way, a gate insulating film 710 was carried out and annealing of damaged crystal structure 

having a thermal oxide film at a thickness of 300 A and the are carried out. 

laminated CVD silicon oxide film at a thickness of 400 A is Next , as shown in FIG. 9F, a silicon nitride film 723 as an 

obtained. It is to be noted that the final thickness of the active 25 criteria yer insulating film is formed at a thickness of 1500 A 

layer is 250 A. by pl asma CVD. Further, a film 724 made of polyimide resin 

In the present embodiment, the patterns are disposed such * laminated - In this way, a state shown in FIG. 9F is. 

that the direction of the crystal growth is the direction of ob !?!. n f d ; . 

movement of carriers when the thin film transistor is oper- . Wlth lhe reS i n fi J m > the u PP er tace can be made flat > which 

aled 30 15 convenient f° r forming wirings, carrying out orientation 

t \. . • , • , . - . . treatment, and injecting liquid crystal in subsequent pro- 

In this way, a thin film transistor which can operate at 1 cesses if 

GHz at the level of a ring oscillator and at 100 MHz at the ^ £ to be noled ^ as the matedal of me ^ Qther tfaan 

level of a shift register at driving voltage of 3.3-5 V can be me polyimide resin? acrvlic resiri) poiyam i de resir]j ^y^. 

manufactured. ideamide resin, or the like may be used. 

After the gate insulating film 710 is obtained, gate elec- 35 Next> as snown in F IG. 10A, contact holes are formed in 

trodes 711, 712, and 713 are formed as shown in FIG. 9D the interlayer insulating film to form source electrodes 725 

with material the main component of which is aluminum. and 727 of the CMOS, a drain electrode 726 common to the 

As the material of the gate electrodes, other than material PTFT and NTFT, and a source electrode 728 and a drain 

the main component of which is aluminum, tantalum (Ta), electrode 729 of the pixel transistor (NTFT). 

crystalline semiconductor to which phosphorus (P) is 40 These electrodes are formed with a film formed by 

heavily doped, wolfram silicide (WSi), or a structure where laminating a titanium film, an aluminum film, and a titanium 

crystalline semiconductor subjected to phosphorus-doping film. 

and wolfram silicide are laminated or mixed may be used. Here, the source electrodes 725 and 727 are formed such 

With regard to the gate electrodes 711, 712, and 713, the that necessary wirings (source wirings) extend therefrom, 

material the main component of which is aluminum forming 45 Further, the common drain electrode 726 is also formed such 

the gate electrodes may be anodized by weak acid solution that necessary wirings (drain wirings) extend therefrom, 

to provide a dense anodic oxide film only on the side faces, The source electrode 728 of the pixel TFT (NTFT) is 

or, on the upper and the side faces of the gate electrodes. In formed as a part of source signal lines disposed in a pixel 

this case, as the material of the gate electrodes, other than matrix. It is to be noted that the gate electrode 713 is formed 

aluminum, tantalum may be used. 50 as what (or a part of what) extends from gate signal lines 

In case the anodic oxide film is provided on the side and disposed so as to be lattice together with the source signal 

upper faces, occurrence of hillocks may be prevented in a lines. 

subsequent heat process. In case the anodic oxide film is Next, as shown in FIG. 10B, a second interlayer insulating 

provided only on the side faces, since there is no hard anodic film 730 is formed with polyimide resin. Then, a contact 

oxide film on the upper faces, contacts with wirings to be 55 hole is formed to form a pixel electrode 731 made of ITO. 

connected are easily formed. In this way, the CMOS forming various circuits and the 

Further, since the anodic oxide film is on the side faces of thin film transistor to be disposed in a pixel can be integrated 

the gate electrodes, in a subsequent impurity ion implanta- on the quartz substrate as shown in FIG. IOC. 

tion process, by using the gate electrodes and the anodic A ring oscillator circuit formed with a thin film transistor 

oxide film on the side faces as a mask, offset regions the 60 made according to such a manufacturing method can oscil- 

thickness of which is substantially equal to the thickness of late at a frequency of 1 GHz or more, 

the anodic oxide film is formed in channels forming regions Since operating frequency is set leaving a martin in 

of the thin film transistor are formed, and leakage current designing an actual circuit, a circuit which can operate at a 

can be decreased. frequency of as high as 1 GHz can not be formed. 

Here, the gate electrode 711 is for a P-channel type thin 65 However, a shift register circuit, an arithmetic circuit, and 

film transistor (PTFT) forming the CMOS. The gate elec- the like which can operate at least at 100 MHz can be formed 

trode 712 is for an N-channel type thin film transistor with this thin film transistor. 
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A thin film transistor utilizing a crystalline semiconductor However, the crystallinity of the obtained crystalline 

film having such a specific crystal structure has a charac- semiconductor film is lower compared with the method 

teristic that, due to its crystal structure, the short-channel shown in Embodiment 1 utilizing thermal oxidation. Also, 

effect is difficult to appear. It also has characteristics that, the characteristics of the obtained thin film transistor are 

since insulator is used as the substrate, it is free from the 5 inferior to those of Embodiment 1. Therefore, the present 

problem of capacity of the substrate, and, suitable for embodiment is useful in case the number of pixels is small 

high-speed operation. ^ ^ or the num b er of levels of gradation is small. 

A MOS transistor utilizing a conventional single crystal- (Embodiment 3) 

line semiconductor wafer is under the scaling law, that is, if Thc pre sent embodiment shows examples of unit utilizing 

the size of a transistor is made smaller according to a 1Q an aclive matrix liquid crystal pane] ut iij z i ng tne invention 

predetermined formula, the performance of the transistor disclosed herein 

becomes higher according to a predetermined formula. pj G n shows om iine 0 f tne unit. FIG. 11A shows an 

However, since the miniaturization has advanced greatly i n f ormat ion processing terminal with a main body 2001 

recently, it is now difficult to heighten the performance of a provided with an active matrix liquid crystal display device 

transistor according to the scaling law. 15 2005. 

One reason for this is that the shorter the channel length umt ^ prov ided with an integrated circuit inside and 

becomes for the purpose of controlling the short-channel has a function to p roccss an d store necessary information, 

effect, the more careful devices become necessary such as ^ unit is also prov ided with a camera portion 2002 which 

doping of impurity beside the channel, and thus, difficulty in ^ actuat ed by a control switch 2004 and has a function to 

the manufacturing process is increased. 20 takc nece ssary picture information inside. 

However, if the crystalline semiconductor film having ^ unit has a communication facility, and has a function 

such a specific crystal structure as described above is used, t0 lake in necessary information from a telephone line and 

necessary characteristics can be obtained at a size which t0 transmit necessary information to the outside via a 

does not follow the scaling law as described above. telephone line. 

The reasons for this are considered to be: 25 ln case of such a porta ble unit, in view of lowering power 

(1) By making the direction of the columnar crystals the consumption, it is preferable to adopt a reflection type active 
same as the direction of movement of carriers in the matrix liquid crystal display device. 

channel, the short-channel effect is controlled; Alternatively, instead of an active matrix liquid crystal 

(2) By utilizing insulator as the substrate, the problem of display device, active matrix EL (electro-luminescent) ele- 
capacity is greatly controlled; and 30 ment may be adopted. 

(3) Since aluminum can be utilized as the gate electrodes, FIG. 11B shows a unit called a head-mount display. The 
the TFT is advantageous to high-speed operation. unit is provided with a band portion 2103 for mounting on 

With regard to (1), it can be considered as in the follow- a head. Amain body 2101 of the unit is provided with active 

ing. The columnar crystals are partitioned one by one by matrix liquid crystal display devices corresponding to both 

inactive grain boundary. Since the energy level is high in the 35 eyes. 

grain boundary, movement of carriers is controlled to be in FIG. 11C shows a navigation unit provided in a car or 

the direction of extension of the crystals. Similarly, spread of other means for travelling. The unit is structured such that, 

a depletion layer from a source region and a drain region to based on radio waves from an artificial satellite taken in by 

the inside of a channel is controlled. These are considered to an antenna (and a tuner portion) 2204, navigation inform a- 

be the reasons that the short-channel effect is controlled. 40 tion is displayed on an active matrix liquid crystal device 

The following is a specific example which does not follow 2202 provided for a main body 2201. The unit is operated by 

the scaling law. control switches 2203. 

For example, where, according to the conventional seal- FIG. 11 D shows a portable telephone. A main body 2301 

ing law, the thickness of the gate insulating film should be of the unit is provided with a voice inputting portion 2303, 

100 A, if a crystalline semiconductor film as disclosed 45 a voice outputting portion 2302, control switches 2305, 

herein is used, the same characteristics can be obtained with antenna 2306, and an active matrix liquid crystal display 

the gate insulating film being 300 A, and thus, a highly device 2304. 

anti-static characteristic can be obtained. FIG. HE shows a portable video camera. A main body 

This is understood to be due to (l)-(3) as described above. 2401 of the unit is provided with an image receiving portion 

Further, not only with regard to the gate insulating film 50 2406, an integrated circuit 2407, control switches 2404, an 

thickness, predetermined characteristics can be obtained active matrix liquid crystal display device 2402, a battery 

with less strict conditions (less strict by one rank) than the 2405, and a voice inputting portion 2403. 

conventional scaling law also with regard to the channel FIG. 11 F shows a projecting type projector. A main body 

length. 2501 of the unit is provided with a light source 2502, a 

This is useful when semiconductor circuits capable of 55 reflection type active matrix liquid crystal display device 

operating at a high speed are manufactured in a great area at 2503, and an optical system 2504. Display is carried out by 

a low cost. displaying a picture on a screen 2505. 

(Embodiment 2) It is to be noted that, in case not a reflection type but a 

Hie present embodiment is an example in case laser transmission type is used as the active matrix liquid crystal 

irradiation is also used in obtaining a crystalline semicon- 60 display device 2503, the light source 2502 is provided on the 

ductor film. rear side of the liquid crystal display device 2503, such that 

In the present embodiment, after the crystallization by light passing through the liquid crystal display device 2503 

heating utilizing nickel shown in Embodiment 1, laser light is projected on the screen 2505 to carry out display, 

is irradiated to improve the crystallinity. In the process, (Embodiment 4) 

thermal oxidation is not carried out. 65 The present embodiment is formed by forming the struc- 

In such a case, since the process temperature is 600° C. or ture shown in Embodiments 1 and 2 with a reverse-stagger 

lower, glass can be used as the substrate. type thin film transistor. Even if, in the structure shown in 
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each embodiment, a planar type thin film transistor is used 
instead to form a reverse-stagger type thin film transistor, 
similar effect can be obtained. 

It is to be noted that, to use as a gate electrode of a 
reverse-stagger type thin film transistor material enhancing 5 
heat resistance, for example, crystalline semiconductor with 
heavily doped phosphorus, is effective in obtaining a high- 
performance thin film transistor. 

By utilizing the invention disclosed herein, an active ^ 
matrix type display device for displaying a picture with a 
digital signal being an input signal can be provided without 
complicating its structure. 

For example, a structure capable of carrying out gradation 
display such as 64 levels of gradation can be provided as a 15 
circuit formed with a thin film transistor. 

Although examples of an active matrix liquid crystal 
display device are shown here, the present invention may be 
utilized in other devices such as an active matrix type 
display device with an EL element, an active matrix plasma 2 o 
display device, and an active matrix type display device 
utilizing EC (electro-chromics). 

What is claimed is: 

1. An active matrix type display device for 2* levels of 
gradation display, comprising an active matrix display por- 25 
tion and a peripheral circuit over a substrate, said peripheral 
circuit comprising: 

gate signal lines and source signal lines disposed so as to 
form a lattice structure over a substrate; 

30 

at least one thin film transistor disposed around intersec- 
tions of said gate signal lines and source signal lines; 
and 

means for selecting gradation voltage to be supplied to 
said source signal lines provided for each of said source 35 
signal lines, said means for selecting gradation voltage 
comprising a plurality of digital decoder lines, a plu- 
rality of first memory circuits, a plurality of second 
memory circuits, a plurality of D/A converter circuits, 
and a plurality of gradation voltage lines, 40 

wherein the number of said digital decoder lines is defined 
as x and the number of said gradation voltage lines is 
defined as 2 <x/2) . 

2. A display device according to claim 1, wherein selec- 
tion of gradation voltage by the means for selecting grada- 45 
tion voltage is carried out by selecting one among 2 <K/2) 
divided periods obtained by dividing one line period and by 
selecting one gradation voltage out of 2 (x/2) gradation volt- 
age levels set in each of said divided periods. 

3. A display device according to claim 2, wherein: 50 
said thin film transistor has a function to write picture 

information to a pixel electrode; and 
a period required for said thin film transistor to write 
information to said pixel electrode is shorter than a 
length of each of said divided periods. 

4. A display device according to claim 1, wherein: 

the number of gradation voltage levels 2* to be supplied 
to said source signal lines is the product of the number 
N of said divided periods and the number M of grada- 6Q 
tion voltage levels set in each of said divided periods 
(NxM); 

said thin film transistor has a function to write picture 

information to a pixel electrode; and 
a period required for said thin film transistor to write 65 

information is shorter than a length of each of said N 

divided periods. 
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5. A display device according to claim 1, wherein said 
means for selecting gradation voltage is controlled by: 

information with regard to which period is to be selected 

among said divided periods; and 
information with regard to which gradation voltage level 

is to be selected among said gradation voltage levels set 

in each of said divided periods. 

6. An active matrix type digital display device comprising 
an active matrix display portion and a peripheral circuit over 
a substrate, said peripheral circuit comprising: 

gate signal lines and source signal lines disposed so as to 

be lattice over a substrate; 
at least one thin film transistor disposed around intersec- 
tions of said gate signal lines and source signal lines 
over said substrate; and 
means for selecting gradation voltage to be supplied to 
said source signal lines provided for each of said source 
signal lines, said means for selecting gradation voltage 
comprising a plurality of digital decoder lines, a plu- 
rality of first memory circuits, a plurality of second 
memory circuits, a plurality of D/A converter circuits, 
and a plurality of gradation voltage lines, wherein: 
selection of gradation voltage by said means for select- 
ing gradation voltage is carried out by selecting one 
period set by dividing one line period into N sections 
and by selecting among M gradation voltage levels 
set in said period; 
the number of gradation voltage levels to be supplied to 
said source signal lines 2x is the product of the 
number N of said divided periods and the number M 
of gradation voltage levels set in each of said divided 
periods (NxM); 
said thin film transistor has a function to write picture 

information to a pixel electrode; and 
the time required for said thin film transistor to write 
information is shorter than a length of one period set 
by dividing one line period into N sections. 

7. A display device according to claim 6, wherein said 
means for selecting gradation voltage is controlled by: 

information with regard to which signal is to be selected 
among said periods set by dividing one line period into 
N sections; and 

information with regard to which gradation voltage level 
is to be selected among M gradation voltage levels set 
in said period set by said division into N sections. 

8. A display device according to claim 6, wherein the 
number of said digital decoder lines is defined as x and the 
number of said gradation voltage lines is defined as 2 ( * W2 ^. 

9. A method of driving a pixel matrix display device for 
2* levels of gradation display comprising a plurality of gate 
signal lines and a plurality of source signal lines disposed so 
as to be lattice and at least one thin film transistor disposed 
around intersections of said gate signal lines and source 
signal lines, comprising the step of: 

selecting a gradation voltage to be supplied to said 
plurality of source lines by selecting one period set by 
dividing one line period into 2 (x/r> sections and by 
selecting a voltage level out of 2 ( ' r/2;) voltage levels set 
in said one period. 

10. A method according to claim 9, wherein an operating 
time of said thin film transistor is shorter than the length of 
said one period set by dividing one line period into 2 ( *^ 
sections. 

11. A display device according to claim 1, wherein said 
device is an EL display device. 

12. A display device according to claim 6, wherein said 
device is an EL display device. 
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13. A method according to claim 9, wherein an EL display 
is operated by said method. 

14. A device according to claim 1, wherein said digital 
decoder lines and a shift register are connected with each of 
said first memory circuits, and each of said D/A converter s 
circuits connected with said gradation voltage lines and each 
of said source signal lines. 

15. A device according to claim 1, wherein both of said 
active matrix display portion and said peripheral circuit 
comprise a plurality of thin film transistors formed over said 10 
substrate. 



,557 

18 

16. A device according to claim 6, wherein said digital 
decoder lines and a shift register are connected with each of 
said first memory circuits, and each of said D/A converter 
circuits connected with said gradation voltage lines and each 
of said source signal lines. 

17. A device according to claim 1, wherein both of said 
active matrix display portion and said peripheral circuit 
comprise a plurality of thin film transistors formed over said 
substrate. 

* * * * * 
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An object of the present invention is, by eliminating a driver 
IC from the components of an liquid crystal display, to 
achieve a cost reduction, to eliminate a manufacturing step 
of mounting the driver IC onto ao array substrate, and to 
reduce a thickness of the liquid crystal display. A driver 
circuit for an active matrix liquid crystal display comprises 
a resistive dividing type digital-to -analog converter circuit 
(DAC). An analog output voltage from the^DAC is»amplified 
by a signal amplifier element, and a liquid crystal element is 
driven by the amplified analog output voltage. The driver 
circuit is characterized in that a resistance element R is 
formed in an n+ layer of p-Si on an array substrate of the 
liquid crystal display, and a switching element Tr and a 
signal amplifier element are also formed on the array sub- 
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FIG. 31 
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FIG. 32 
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FIG. 33 
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FIG. 47 
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FIG. 48 
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FIG. 51 



H 

Hist swindling 
signal P 

L 

Electric 10 
cunentn+i2L 
1 II 

0 

VH 

Voltage of 
teminal300 

VL 



Horizontal 

synchronizing 

signal 



Video TFT 
gate signal 



Blanking period 



Low power 
period T2 




1 horizontal 
synchronizing period T> 



Low power 
periodic 



Time t 



•Low power 
' periodic 



Normal operation 
period Tl 



Normal operation 
period Tl 



09/22/2002, EAST Version: 1.03.0002 



U.S. Patent 



Jun. 25, 2002 



Sheet 52 of 60 



US 6,411,273 Bl 



FIG. 52 



7 itst 

switching 
signal 
generator 



'105A 



First switching signal P 




09/22/2002, EAST Version: 1.03.0002 



U.S. Patent Jun. 25, 2002 Sheet 53 of 60 US 6,411,273 Bl 



FIG. 53 
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FIG. 54 
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FIG. 55 
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FIG. 56 
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DRIVE CIRCUIT FOR ACTIVE MATRIX available have a chip form incorporated within a single 

LIQUID CRYSTAL DISPLAY crystalline silicon (c-Si) IC. Recently, there have been 

developed techniques intended to incorporate an LCD driver 

TECHNICAL FIELD circuit including such DACs on a glass substrate by forming 

™. . . , 4 ,. . c s thin-film transistors (herein after referred as *'HTs*) utiliz- 

This invention relates to a driver circuit for an active . , ... , A-v u . 0 . 

..... . i j- i . • ... j. .j. ing poly-siLcon (p-Si). However, because p-Si TFTs are 

matrix liquid crystal display comprising a resistive dividing ■ ? • . cv * • * i • .l ■ -* j *u u 

J . . ; . . • ■. inferior to c-Si transistors in their performance and thereby 

type digital to analog converter circuit. . «- . . . .f a .. , 4 . 

3r & & m the power efficiency in the circuits, the effective reduction 

BACKGROUND ART m P owcr consumption has been difficult for such an LCD 

io driver circuit incorporated on the grass substrate, although 

A driver circuit for an active matrix liquid crystal display SUCD a c [ TCU ii has certain advantages such as low cost and 

capable of displaying multi-scale gray images or full-color smal t sizcs owing l0 lne f act tnat tney arc cap able of 

images generally comprises a digital-to- analog converter eliminating driver ICs. In conventional LCD driver circuits, 

circuit (DAC) so that analog video signals are outputted. A a waste G f power consumption is noted particularly during a 

capacitor based DAC is well known in the art as one type of 15 wr iti Dg per i od f or source lines and pixel electrodes. The 

such a DAC However, such a capacitor based DAC has a discussion will now focus on this account. Generally 

drawback in that a linear output voltage characteristic cannot speaking, a large amount of capacitive load is connected to 

be obtained easily when such a capacitor based DAC is a so^e i me because a certain capacitance is generated in 

employed in constructing a driver circuit for a liquid crystal eacn intersection of a source line and gate line, or in each 

display (LCD). In view of this drawback, a resistive dividing 20 gap between a source line and counter electrode. Therefore, 

type DAC using resistance elements has also been employed wnen a driving voltage is outputted from a driver circuit to 

for an LCD driver circuit. a SO urce line, a potential of the source line does not reach a 

Among such resistive dividing type DACs, some types required voltage for driving liquid crystals immediately after 

are constructed utilizing resistance elements and switching the driving voltage is outputted, and a certain amount of time 

elements, both having an individual component form, but 25 is required until a desired voltage is obtained. After this 

many types are constructed within a single crystalline silicon amount of time, i.e., a writing period to a source line elapses, 

integrated circuit (IC) and formed in a chip form. Such a a gate scanning pulse is outputted to a pixel transistor, and 

driver IC has been used for conventional LCD driver cir- thereby a potential of a pixel electrode reaches a desired 

cuits. Specifically, in those driver circuits having resistive voltage. Or, a gate scanning pulse is outputted almost 

dividing type DACs, driver ICs are attached onto an array 30 simultaneously with an output of a driving voltage, and a 

substrate by a tape automated bonding or by directly mount- potential of a pixel electrode reaches a desired voltage 

ing onto the array substrate. corresponding to the change of a potential of a source line. 

However, such an LCD driver circuit has drawbacks as A writing to a pixel electrode is thus completed according to 

described in the following. either of the above described manners. Therefore, there is 

(1) A driver IC is essential as a component of an LCD, and * essentially no need to continue applying a predetermined 
therefore the component cost is high. drivin S volla S e 10 a source line - Nevertheless, in conven- 

. r » • * . 4 tional driving methods, such a writing period to a source line 

(2) A step of mounting the driver IC onto an array , b t t , , . °/ • , . . 

. ■ • .1 • . or a pixel electrode has been made equivalent to one 

substrate is inevitably required. u ■ » . u • • • j tu- • u .u 

n n . . , horizontal synchronizing period. This is because the writing 

(3) The thickness of an LCD is increased corresponding ^ tQ a SQUrce line Qr a pixel eleClrode has been COQlro n ed by 

to the thickness of the driver IC, and in addition, the driver a horizomal synchronizing signal. As a result, in prior arts. 

IC requires a large area in the array substrate. These have ^ dn[ver cifcuit ^mimes a normal operation for applying 

been the major obstacles in the attempts to reduce the a driving voltage even during the period in which there is no 

physical sizes and thickness of LCDs. need t0 keep applying a predetermined driving voltage to a 

(4) Furthermore, in conventional driver circuits utilizing 45 source line. This has been a major drawback from the 
a crystalline silicon, a silicon in which an n-type or p-type viewpoint of reduction in power consumption. 

impurity of approximately 10 16 /cm 3 is doped is typically In view of the aD ove-described disadvantages in prior 

employed for resistance elements that constitute DACs in arts> it fc therefore an ob j ect of the presenl invention to 

the driver circuits. A resistance value of these resistance prov ide a driver circuit for an active matrix liquid crystal 

elements must be controlled with extremely high precision 50 display in wnichj by el j m inating a driver IC from a com- 

by controlling a concentration of these impurities so as to ponem of an LCD> lhe componerU cosl is reduC ed, the 

suppress an output variation among these DAC chips. As a manufacturing steps are simplified, and moreover the reduc- 

result, in order to produce a chip with an extremely precise tkm of sizes and thickness ^ achieved, 

resistance value, an ion implantation method should be h {s aQother Qbject of ^ n{ {nw&niion t0 ide a 

employed in dopmg an n-type or p-type impurity m a 55 driyer cjrcuit for an actjve matrix h - d { dj { {n 

crystalline silicon. However, by this method, it is extremely which ^ reductKm Qf consumptlon is achieve d by 

difhcult to suppress a variation ot the resistance value within reduci a cunem consumption of the digital-analog con- 

a predetermined range when a large chip size or a large vefter therein dufi a riod exdudi a norma] 

number of the chip is required, and moreover a throughput operation period, 

until completing the driver circuit is low. 60 

In addition to the above drawbacks, conventional LCD DISCLOSURE OF THE INVENTION 

driver circuits have such drawbacks as described below, in In accordance with the first aspect of the invention, there 

view of reducing their power consumption. is provided a driver circuit for an active matrix liquid crystal 

A resistive dividing type DAC is a well-known circuit, display formed on an array substrate of the liquid crystal 

and while some of the DACs are constructed utilizing the 65 display comprising: 

resistance elements and switching elements having an indi- a resistive dividing type digital-to-analog converter cir- 

vidual component form, many of the DACs commercially cuit (DAC), comprising a plurality of resistance ele- 
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ments and a plurality of switches related to the resis- According to the above construction, the display size and 

tance elements; manufacturing cost can be further reduced by making the 

the driver circuit constructed so that an output signal from circuit scale smaller, although the voltage required for 

the DAC is outputted as a driving voltage for a liquid driving the LCD portion has to be generated by the DAC 

crystal display portion of the liquid crystal display via 5 circuit alone. In addition, an output voltage characteristic 

a current amplifier element having an impedance con- with high precision and small variation can be easily 

version function wherein a voltage amplification ratio obtained since the voltage from the DAC is directly output- 

of the current amplifier element is 1; ted as a driving voltage for the LCD portion, 

the driver circuit characterized in that the resistance Furthermore, according to the above construction in 

elements are composed of an impurity-containing 10 which the signal amplifier element is eliminated, when 

semiconductor layer formed on the array substrate. compared with, for example, the construction with the 

According to the above-mentioned construction, it is amplifier element formed on the array substrate among the 

made possible to reduce the component cost of an LCD since ones employing the amplifier element, the entire circuit area 

the driver circuit is formed on the array substrate without can be made smaller corresponding to the circuit area 

using driver ICs as a component for the LCD. Moreover, it 15 allotted for the signal amplifier element, and the power 

is also made possible to reduce the manufacturing cost since consumption can be also reduced corresponding to the 

the step of mounting the driver ICs onto the substrate is power to be consumed by the amplifier element. Likewise, 

made unnecessary. In addition, the reduction in the thickness when compared with the construction with an amplifier 

and sizes of an LCD can be achieved easily. In particular, the element mounted onto array substrate, for example, the cost 

above-mentioned semiconductor layer is formed simulta- ^ reduction can be achieved since the amplifier element is 

neously with a step of forming pixel transistors without eliminated from the components of an LCD, and the step of 

independently necessitating an step of forming the above- mounting the amplifier element is also eliminated, 

mentioned semiconductor layer, and therefore it is possible In accordance with the third aspect of the invention, there 

to substantially reduce the manufacturing cost. is provided a driver circuit for an active matrix liquid crystal 

Furthermore, according to the above construction, it is ^ display comprising: 

made possible to produce resistance elements for a driver a resistive dividing type DAC, comprising a plurality of 

circuit having a large circuit area without taking into account resistance elements and a plurality of switches related 

a joint areas between each chip since the resistance elements to the resistance elements; 

are integrally formed on the array substrate. Generally, a tne driver circuit constructed so that an output signal from 
mass non-separated type ion shower method, which has a 30 the DAC is outputted as a driving voltage for a liquid 
large throughput, is employed as a method for doping an crystal display portion of the liquid crystal display via 
n-type or p-type impurity over a large area. When this a current amplifier element having an impedance con- 
method is employed, a variation of resistance values in the version function wherein a voltage amplification ratio 
entire glass substrate becomes relatively large, and an output 0 f the current amplifier element is 1, the current ampli- 
variation in the entire glass substrate becomes approxi- 35 fier element being mounted on the array substrate and 
mately 20 mV or higher, but an output variation between the a remaining portion of the driver circuit excluding the 
channels next to each other is at most within several mV. It current amplifier element being formed on the array 
is therefore possible to set a large process margin since there substrate; 

are no joint areas between each chip, as seen in prior arts. the driver circuit characterized in that the resistance 

The output variation in the entire array is approximately 0.1 40 elements are composed of an impurity-containing 

V, but this causes no problem since, if converted into a semiconductor layer formed on the array substrate, 

luminance variation in the liquid crystal panel, it falls within According to the above construction, the manufacturing 

the range of 10%. steps are slightly increased since a step of mounting an 

In addition, since the electric current is amplified by a amplifier element becomes necessary. The effect of the size 

current amplifier element, an output from the DAC circuit 4S and tmc kness reduction of the LCD also becomes slightly 

can be made substantially smaller in comparison with a small because 0 f the amplifier element incorporated into an 

output current necessary to charge a capacitive load of a IC chip form However, in the case of forming the amplifier 

source line. Therefore, the freedom in designing a circuit element on the array substrate, unlike the case of forming 

increases and the reduction in the display size and manu- switching transistors, it is necessary that the formed tran- 

facturing cost is easily achieved. 50 s ist 0 r be capable of achieving an accurate amplification 

For the current amplifier element, a voltage follower type rati0) and therefore, the manufacturing is rendered very 

op-amp, a source follower type thin film transistor (TFT), difficult particularly when a non-single crystalline material 

and the like may be employed. is utilized. Hence, the construction where an IC chip-formed 

In accordance with the second aspect of the invention, individual component is employed only for the current 

there is provided a driver circuit for an active matrix liquid 55 ampl i fier element has an advantage in that the manufactur- 

crystal display formed on an array substrate of the liquid ing is made easier than the construction where the amplifier 

crystal display comprising: element is formed on the array substrate. 

a resistive dividing type DAC, comprising a plurality of i n acC ordance with the fourth aspect of the invention, 

resistance elements and a plurality of switches related there is provided a driver circuit as in one of the first to third 

to the resistance elements; 60 aspects of the invention, wherein the semiconductor layer is 

the driver circuit constructed so that an output signal from composed of a non-single crystalline material including 

each of the DACs is directly outputted as a driving silicon and germanium, and contains an impurity which acts 

voltage for a liquid crystal display portion of the liquid as a donor or an acceptor. 

crystal display; According to the above construction, the same effect as in 

the driver circuit characterized in that the resistance 65 the first aspect of the invention can be attained. 

elements are composed of an impurity -con tain ing In accordance with the fifth aspect of the invention, there 

semiconductor layer formed on the array substrate. is provided a driver circuit as in one of the first to third 
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aspects of the invention, wherein the semiconductor layer is 
a non-single crystalline silicon layer and is at least one layer 
of an n-type layer and a p-type layer. 

According to the above construction, the same effect as in 
the first aspect of the invention can be attained. 5 

In accordance with the sixth aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, wherein the DAC is an R-b 2R 
ladder type DAC. 

According to the above construction employing an R-2R 10 
ladder type DAC, it is made possible to obtain a linear output 
voltage characteristic. Moreover, an adverse effect on an 
output voltage characteristic by a variation of resistance 
values is rendered small since the DAC is constructed by 
two types of resistance elements each having a different 15 
resistance value. In addition, the total area occupied by the 
resistance elements in the DAC is made remarkably smaller 
in comparison with the case where the same output voltage 
characteristic is realized by utilizing a DAC other than an 
R-2R ladder type construction. 20 

The reason is as follows. When an R-2R ladder type DAC 
for four-bit digital input signal is employed, assuming a 
reference resistance value is rl, the resistance value of all the 
resistance elements used (note that this means a resistance 
value converted into a circuit occupying area of resistance 25 
elements, not a composite resistance value) results in 13xrl. 
Now, assume that a linear output voltage characteristic as in 
the above construction is realized by utilizing a so-called 
weighted resistance type DAC. An example of the weighted 
resistance value type DAC can be realized by the construe- 30 
tion as follows. The DAC has two types of power supplies 
(which correspond to VH and VL in FIG. 2) and a certain 
number of series circuit connected in parallel. Each of the 
series circuits has a switching element for alternatively 
selecting one of the power supplies, and a resistance element 35 
with one end connected to the switching element and the 
other end connected to the output terminal. The number of 
the series circuit corresponds with the bit number of digital 
input signal. Each switching state of the switching elements 
is controlled in response to the digital input signal so as to 40 
select one of the power supplies. In this example, a resis- 
tance ratio of each resistance element against the reference 
resistance value (the resistance value of the resistance ele- 
ment responsive to the least significant bit) is set at l:2n-l 
(•n* is the bit number of the digital input signal). 45 

According to this example, in the case of 4-bit digital 
input signal, if a reference resistance value is rl, the resis- 
tance values of the rest of the three resistance elements are 
2xrl, 4xrl, and 8xrl respectively, and the resistance value 
of all the resistance elements used accordingly results in 50 
15xrl. On the other hand, in the case of the construction 
according to the sixth aspect of the invention, the resistance 
value of all the resistance elements used results in 13xrl, as 
described above. Hence, when it is assumed that each of the 
resistance elements is formed by a non-single crystalline 55 
semiconductor layer having an identical sheet resistance, the 
total area occupied by the resistance elements in the 
weighted resistance type DAC requires 15/13 times in 
comparison with the construction according to the sixth 
aspect of the invention. As the bit number of the digital input 60 
signal increases further, the weighted resistance type DAC 
correspondingly requires a larger total area occupied by the 
resistance elements than that of the construction according 
to the sixth aspect of the invention. It is apparent from the 
above example that the construction according to the sixth 65 
aspect of the invention can achieve remarkable reduction of 
the total area occupied by the resistance element in the DAC. 
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In accordance with the seventh aspect of the invention, 
there is provided a driver circuit as in the fourth aspect of the 
invention, wherein the DAC is an R-2R ladder type DAC. 

According to the above construction, the same effect as in 
the sixth aspect of the invention can be attained. 

In accordance with the eighth aspect of the invention, 
there is provided a driver circuit as in the fifth aspect of the 
invention, wherein the DAC is an R-2R ladder type DAC. 

According to the above construction, the same effect as in 
the sixth aspect of the invention can be attained. 

In accordance with the ninth aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, wherein the DAC is a voltage 
potentiometer type DAC. 

According to the above construction employing a voltage 
potentiometer type DAC, the output voltage results in the 
voltage weighted corresponding to the ratio of the resistance 
values of the resistance elements connected in series. 
Therefore, the output voltage characteristic can be easily 
made into the one with a desired curve, not just into a linear 
characteristic, by appropriately setting the resistance values 
of the resistance elements. Moreover, if the electric current 
flowing via the switching elements is small, the current 
dividing or voltage drop caused by the switching elements is 
avoided and the output voltage is determined only by the 
voltage dividing by the resistance elements. Therefore, the 
circuit can be designed without worrying about ON resis- 
tance of the switching elements. 

Id accordance with the 10th aspect of the invention, there 
is provided a driver circuit as in the fourth aspect of the 
invention, wherein the DAC is a voltage potentiometer type 
DAC. 

According to the above construction, the same effect as in 
the ninth aspect of the invention can be attained. 

In accordance with the 11th aspect of the invention, there 
is provided a driver circuit as in the fifth aspect of the 
invention, wherein the DAC is a voltage potentiometer type 
DAC. 

According to the above construction, the same effect as in 
the ninth aspect of the invention can be attained. 

In accordance with the 12th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, wherein the DAC comprises: 
a first DAC section which operates in response to one of 
more significant bit data and lesser significant bit data 
of digital video input data; and 
a second DAC section which uses an output voltage as a 
reference voltage and operates in response to the other 
one of more significant bit data and lesser significant bit 
data of digital video input data; and 
wherein one of the DAC sections is an R-2R ladder type 
DAC, and the other one of the DAC sections is a 
voltage potentiometer type DAC. 
According to the above construction, both types of the 
DACs, an R-2R ladder type DAC and a voltage potentiom- 
eter type DAC, are employed for the DACs incorporated in 
the driver circuit, and thereby it is made possible to obtain 
a driver circuit having both of the advantages intrinsic to 
each type of the DACs. 

In accordance with the 13th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
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source line only during the remaining period in 
response to the first switching signal; 
wherein the DAC is composed of a voltage potentiometer 
type DAC comprising: 

a series circuit wherein a plurality of the resistance 5 
elements are connected in series, one end of the 
series circuit is connected to a high voltage power 
supply terminal, and the other end is connected to a 
low voltage power supply terminal; 
a first switch connected between the one end of the 10 
series circuit and the high voltage power supply 
terminal or between the other end of the series circuit 
and the low voltage supply terminal, the first switch 
to be turned to an ON state during the normal* 
operation period and to be turned to an OFF state 15 
during the remaining period in response to the first 
switching signal; and 
a group of second switches wherein a switching state of 
each of the second switches is controlled in response 
to a digital video data, and each of the second 20 
switches is connected between a connecting point of 
each of the resistance elements and an output termi- 
nal of the DAC. 
According to the above construction, the following effects 
are attained. 25 

During the normal operation period, the first switch is 
turned to ON state in response to the first switching signal, 
and the switching states of the second switch group is 
controlled in response to the digital video data. The driving 
voltage corresponding to the digital video data is thereby 30 
outputted to the source line. 

During the remaining period excluding the normal opera- 
tion period in one horizontal synchronizing period, the first 
switch is turned to OFF state in response to the first 
switching signal. A power supply to the resistance elements 35 
is thereby shut off, and an electric current constantly flowing 
in the resistance element becomes "0". It is thereby made 
possible to reduce the electric power consumed in the 
resistance elements during the low power period. In 
addition, during this low power period, the electrical con- 40 
nection between the driver circuit and the capacitive load is 
cut off by the means for cutting off the electrical connection. 
The potential of the capacitive load is thereby retained, and 
it is made possible to prevent a deterioration of the display 
characteristics of the liquid crystal resulting from a potential 45 
variation of the pixel electrodes. As a result, it is made 
possible that an entire period excluding a period necessary 
to change the voltage of the capacitive load is made to be the 
low power period. 

The term "normal operation period" herein is intended to 50 
mean, as defined in detail in "the Best Mode for Carrying 
Out the Invention" hereinafter, (1) a period during which a 
potential of a source line reaches a desired potential (i.e., a 
source line writing period) in the case where a gate pulse is 
provided to a pixel transistor after the potential of the source 55 
line completely reaches the desired voltage, or (2) a period 
during which a potential of a pixel electrode reaches a 
desired potential (i.e., a pixel electrode writing period) in the 
case where the time at which a gate pulse is provided to a 
pixel transistor and the time at which a potential of a source so 
line begins to change by the change of an output voltage 
from a driver circuit are almost simultaneous. In other 
words, the term "normal operation period" means a period 
in which, with a various capacitances connected to a source 
tine taken into consideration, a DAC must continue to output 65 
a driving voltage corresponding to a digital data so as to 
substantially completely change a potential of a pixel elec- 
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trode. Therefore, in one horizontal synchronizing period, it 
is not necessary for a DAC to continue a normal operation 
during a remaining period in which the normal operation 
period is excluded. Hence, the present invention achieves an 
effect of reducing power consumption when compared with 
prior arts in which a DAC continues a normal operation 
during the remaining period as well as the normal operation 
period. 

The "means for cutting off the electrical connection 
between the driver circuit and a capacitive load" may be (1) 
a construction in which an output switch is provided on the 
output side in a driver circuit, and the switch is turned to ON 
state during the normal operation period and OFF state 
during the remaining period, or may be (2) a construction in 
which a driving power supply for the current amplifier 
element is turned to ON state during the normal operation 
period and OFF state during the remaining period. However, 
this construction (2) is limited for an amplifier element 
having a construction where an output impedance results in 
high impedance when the driving power supply is turned 
OFF. For an amplifier element with a construction where the 
output impedance does not results in high, an output switch 
should be provided. Further, it may be (3) a construction in 
which a group of second switches in the DAC is forcibly 
turned OFF during the remaining period. 

In accordance with the 14th aspect of the invention, there 
is provided a driver circuit as in the 13th aspect of the 
invention, wherein the means for cutting off the electrical 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit thai, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 

According to the above construction, the electrical con- 
nection between the driver circuit and the capacitive load 
connected to the source line is cut off during the remaining 
period by the output switch provided on the output side in 
the driver circuit. By contrast, according to a construction of 
cutting off the power supply of the amplifier, there arises 
some cases in which the output impedance does not become 
high when the power supply is cut off, depending on the 
construction of the amplifier element. In these cases, it is not 
possible to cut off the electrical connection between the 
driver circuit and the capacitive load. In addition, in a 
construction of turning OFF a group of second switches 
forcibly, the circuit design becomes slightly more complex 
since it is necessary to previously store a fixed data for 
cutting off the group of second switches and to provide a 
switch for selecting a video data during the normal operation 
period and the fixed data during the low power period. On 
the other hand, according to the above construction with the 
output switch, it is easily made possible to cut off the 
electrical connection with the capacitive load because the 
above-described difficulties do not occur. 

In accordance with the 15th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
source line only during the remaining period in 
response to the first switching signal; 
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wherein the DAC is composed of a voltage potentiometer 
type DAC comprising: 

a series circuit wherein the resistance elements are 
connected in series, one end of the series circuit is 
commonly connected to a first high voltage power 5 
supply terminal and a second high voltage power 
supply terminal having a lower voltage level than the 
firsl high voltage power supply, and the other end is 
connected to a low voltage power supply terminal; 

a third switch connected between one end of the series 10 
circuit and the power supply terminals, the third 
switch for switching an electrical connection of the 
one end of the series circuit in response to the first 
switching signal so that the one end of the series 
circuit is connected to the first high voltage power 15 
supply terminal during the normal operation period 
and is connected to the second high voltage power 
supply terminal during the remaining period; and 

a group of second switches wherein a switching state of 
each of the second switches is controlled in response 20 
to a digital video data, and each of the second 
switches is connected between a connecting point of 
each of the resistance elements and an output termi- 
nal of the DAC 
According to the above construction, the following effects 25 
are attained. 

During the normal operation period, the third switch is 
switched to the first high voltage power supply side in 
response to the first switching signal, and the switching 
states of the group of second switches are controlled in 30 
response to the digital video data. Thereby, a driving voltage 
corresponding to the digital video data is output ted to the 
source line. 

During the remaining period, the third switch is switched 
to the second high voltage power supply side in response to 35 
the first switching signal. Thereby, the reduction in power 
consumption can be achieved by reducing the current flow- 
ing in the DAC. In addition, in the low power period, the 
electrical connection between the driver circuit and the 
capacitive load is cut off by the means for cutting off the 40 
electrical connection with the capacitive load. The potential 
of the capacitive load is thereby retained. Consequently, it is 
made possible that an entire period excluding a period 
necessary to change a voltage of the capacitive load is set to 
be the low power period. 45 

According to this construction, it is possible to fix a 
potential in the circuit since a certain fixed current flows in 
the circuit, although the degree of the reduction in power 
consumption is slightly less than a construction with the 
means for cutting off the power supply. Therefore, it is made 50 
possible to reduce the occurrence of a signal noise resulting 
from a sudden current increase caused by a normal operation 
voltage at the transition to the normal operation period. 

In accordance with the 16th aspect of the invention, there 
is provided a driver circuit as in the 15th aspect of the 55 
invention, wherein the means for cutting off the electrical 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 60 
turned to an ON state during the normal operation period, 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 

According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 65 
electrical connection with the capacitive load by a simple 
circuit construction. 
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In accordance with the 17th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
source line only during the remaining period in 
response to the first switching signal; 

wherein the DAC is composed of an R-2R ladder type 
DAC comprising: 

an R-2R ladder resistance element network composed 
of two types of the resistance elements, each type 
having a different resistance value; 

a group of fourth switches, each provided for each bit 
of digital video data, for determining an output 
voltage by alternatively selecting between a connect- 
ing state with a high voltage power supply terminal 
and a connecting state with a low voltage power 
supply terminal; and 

a second switching signal generator circuit for gener- 
ating a second switching signal to control a switch- 
ing state of each of the fourth switches and output - 
ting the second switching signal to the group of 
fourth switches, wherein the second switching signal 
generator circuit receives the first switching signal 
and the digital video data, and outputs a data corre- 
sponding to the digital video input data as the second 
switching signal during the normal operation period, 
and outputs a fixed data as the second switching 
signal during the remaining period, the fixed data 
causing a current value in the resistance element 
network to be not more than an median current value 
between a minimum current value and a maximum 
current value in the resistance element network. 
According to the above construction, the following effects 
are attained. 

During the normal operation period, the second switching 
signal generator circuit outputs the second switching signal 
corresponding to the digital video input data. A driving 
voltage corresponding to the digital video input data is 
thereby outputted to the source line. 

During the remaining period, the second switching signal 
generator circuit makes the input data into an fixed input 
data which results in a current value flowing in the resistance 
network being not more than the median current value 
between the minimum current value and the maximum 
current value, and outputs the fixed data as a second switch- 
ing signal to the group of fourth switches. Thereby, the 
power consumption in the DAC is made less than the 
average power consumption in prior arts, in which a DAC 
continues the normal operation throughout one horizontal 
synchronizing period. As a result, this construction too 
achieves the reduction in power consumption of the DAC. 

According to this construction, it is possible to fix a 
potential in the circuit since a certain fixed current flows in 
the circuit, although the degree of the reduction in power 
consumption is slightly less than a construction with the 
means for cutting off the power supply. Therefore, it is made 
possible to reduce the occurrence of a signal noise resulting 
from a sudden current increase caused by a normal operation 
voltage at the transition to the normal operation period. 

In accordance with the 18th aspect of the invention, there 
is provided a driver circuit as in the 17th aspect of the 
invention, wherein the means for cutting off the electrical 
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connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 5 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 

According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 10 
circuit construction. 

In accordance with the 19th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 15 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 20 
source line only during the remaining period in 
response to the first switching signal; 
wherein the DAC is composed of an R-2R ladder type 
DAC comprising: 

an R-2R ladder resistance element network composed 25 
of two types of the resistance elements, each type 
having a different resistance value; 

a group of fifth switches for determining an output 
voltage; and 

a third switching signal generator circuit for generating 30 
a third switching signal to control a switching state 
of each of the fifth switches and outputting the third 
switching signal to the group of fifth switches, the 
third switching signal generator circuit comprising a 
storage circuit for storing a fixed data causing the 35 
group of fifth switches to be OFF state, wherein the 
third switching signal generator circuit receives the 
first switching signal and digital video data, and 
outputs during the normal operation period a data 
corresponding to the digital video data as the third 40 
switching signal, and outputs during the remaining 
period the fixed data stored in the storage circuit as 
the third switching signal so as to cut off the power 
supply to the resistance element network. 
According to the above construction, the following effects 45 
are attained. 

During the normal operation period, the third switching 
signal generator circuit outputs the third switching signal 
corresponding to the digital video input data. A driving 
voltage corresponding to the digital video input data is 50 
thereby outputted to the source line. 

During the remaining period, the third switching signal 
generator circuit outputs the fixed data stored in the storage 
circuit as a third switching signal. All of the fifth switches 
are thereby turned to OFF state. Consequently, the current 55 
flowing in the circuit results in "0", and the reduction in 
power consumption is thus attained. 

In accordance with the 20th aspect of the invention, there 
is provided a driver circuit as in the 19th aspect of the 
invention, wherein the means for cutting off the electrical 60 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 65 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 
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According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 
circuit construction. 

In accordance with the 21st aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
source line only during the remaining period in 
response to the first switching signal; 
wherein the DAC comprises: 

a first DAC section which operates in response to more 

significant bits of digital video input data; and 
a second DAC section, which comprises a first con- 
necting terminal receiving a higher voltage output 
from the first DAC section and a second connecting 
terminal receiving a lower voltage output from the 
first DAC section, which employs as a reference 
voltage a voltage between the first connecting ter- 
minal and the second connecting terminal, and which 
operates in response to lesser significant bits of the 
digital video input data; 
the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
the first DAC section comprising: 

a series circuit wherein a plurality of the resistance 
elements are connected in series, one end of the 
series circuit is connected to a high voltage power 
supply terminal, and the other end is connected to a 
low voltage power supply terminal; 
a sixth switch connected between one end of the series 
circuit and the high voltage power supply terminal or 
between the other end of the series circuit and the 
low voltage power supply circuit, the sixth switch to 
be turned to an ON state during the normal operation 
period and to be turned to an OFF state during the 
remaining period in response to the first switching 
signal; 

a group of seventh switches each connected between a 
connecting point of each of the resistance elements 
in the series circuit and the first connecting terminal, 
the seventh switches controlled by the more signifi- 
cant bits of the digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of the resistance elements 
in the series circuit and the second connecting 
terminal, the eighth switches controlled by the more 
significant bits of the digital video input data; 
the second DAC section comprising: 

an R-2R ladder resistance element network composed 
of two types of the resistance elements, each type 
having a different resistance value; and 

a group of ninth switches for alternatively selecting 
between a connecting state with the first connecting 
terminal and a connecting state with the second 
connecting terminal in response to the lesser signifi- 
cant bits of the digital video input data; 
the driver circuit, wherein: 

during the normal operation period, the sixth switch is 
turned to the ON slate, a switching state of each of 
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the seventh switches and a switching state of each of 
the eighth switches are controlled corresponding to 
the more significant bits of the digital video input 
data, and a switching state of each of the ninth 
switches is controlled corresponding to the lesser 5 
significant bits of the digital video input data; and 
during the remaining period, the sixth switch is turned 
to the OFF state and the electrical connection with 
the capacitive load is cut off by the means for cutting 
off the electrical connection. 10 
According to the above construction, the following effects 
are attained. 

During the normal operation period, the sixth switch is 
turned to ON state, the switching states of the seventh 
switches and eighth switches are controlled in response to 15 
the more significant bits of the digital video data, and the 
switching state of the ninth switch is controlled in response 
to the lesser significant bits of the digital video data. A 
driving voltage corresponding to the digital video input data 
is thereby outputted to the source line. 2 o 

During the remaining period, the sixth switch is turned to 
OFF state, and in addition, the electrical connection between 
the driver circuit and the capacitive load is cut off by the 
aforementioned means for cutting off the electrical connec- 
tion. The current flowing in Ihe circuit thereby becomes "0", 2 $ 
and the reduction in power consumption is thus attained. In 
other words, the reduction in power consumption is 
achieved by cutting off the power supply of the first DAC 
section, the first DAC section being a voltage potentiometer 
type and allotted for the more significant bits. 30 

In accordance with the 22nd aspect of the invention, there 
is provided a driver circuit as in the 21st aspect of the 
invention, wherein the means for cutting off the electrical 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 35 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 40 

According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 
circuit construction. 

In accordance with the 22nd aspect of the invention, there 45 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 50 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
source line only during the remaining period in 
response to the first switching signal; 55 
wherein the DAC comprises: 

a first DAC section which operates in response to more 

significant bits of digital video input data; and 
a second DAC section, which comprises a first con- 
necting terminal receiving a higher voltage output 60 
from the first DAC section and a second connecting 
terminal receiving a lower voltage output from the 
first DAC section, which employs as a reference 
voltage a voltage between the first connecting ter- 
minal and the second connecting terminal, and which 65 
operates in response to lesser significant bits of the 
digital video input data; 
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the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
the first DAC section comprising: 

a series circuit wherein a plurality of the resistance 
elements are connected in series, one end of the 
series circuit is commonly connected to a first high 
voltage power supply terminal and a second high 
voltage power supply terminal having a lower 
voltage level than the first high voltage power 
supply terminal via a tenth switch for selecting a 
power supply, the tenth switch controlled by the 
first switching signal, and the other end of the 
series circuit is connected to a low voltage power 
supply terminal; 
a group of seventh switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the first connecting 
terminal, the seventh switches controlled by the 
more significant bits of the digital video input 
data; and 

a group of eighth switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the second connect- 
ing terminal, the eighth switches controlled by the 
more significant bits of the digital video input 
data; 

the second DAC section comprising: 

an R-2R ladder resistance element network com- 
posed of two types of the resistance elements, 
each type having a different resistance value; and 
a group of ninth switches for alternatively selecting 
between a connecting state with the first connect- 
ing terminal and a connecting state with the sec- 
ond connecting terminal in response to the lesser 
significant bits of the digital video input data; 
the driver circuit wherein: 

during the normal operation period, the tenth switch is 
switched to the first high voltage power supply 
terminal, a switching state of the seventh switches 
and a switching stale of the eighth switches are 
controlled corresponding to the more significant bits 
of the digital video input data, and a switching state 
of the ninth switches is controlled corresponding to 
the lesser significant bits of the digital video input 
data; and 

during the remaining period, the tenth switch is 
switched to the second high voltage power supply 
terminal and the electrical connection with a capaci- 
tive load is cut off by the means for cutting off the 
electrical connection. 
According to the above construction, the following effects 
are attained. 

During the normal operation period, the tenth switch for 
selecting the power supply is switched to the first high 
voltage power supply terminal side, the switching states of 
the seventh switches and eighth switches are controlled in 
response 10 the more significant bits of the digital video data, 
and the switching state of the ninth switch is controlled in 
response to the lesser significant bits of the digital video 
data. A driving voltage corresponding to the digital video 
data is thereby outputted to the source line. 

During the remaining period, the tenth switch for select- 
ing the power supply is switched to the second high voltage 
power supply terminal side, and the electrical connection 
with the capacitive load is cut off by the aforementioned 
means for cutting off the electrical connection. The current 
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flowing in the circuit is thereby reduced, and the reduction a group of ninth switches provided for each of the lesser 
in power consumption is thus attained. In other words, the significant bits of the digital input data for alterna- 
reduction in power consumption is achieved by selecting a tively selecting between a connecting state with the 
power supply voltage of the first DAC section, the first DAC first connecting terminal and a connecting state with 
section being a voltage potentiometer type and allotted for 5 the second connecting terminal; and 
the more significant bits. a fourth switching signal generator circuit for generat- 
In accordance with the 24th aspect of the invention, there ing a fourth switching signal to control a switching 
is provided a driver circuit as in the 23rd aspect of the state of each of the ninth switches and outputting the 
invention, wherein the means for cutting off the electrical fourth switching signal to the group of ninth 
connection between the driver circuit and the capacitive load 1Q switches, wherein the fourth switching signal gen- 
connected to the source line is such an output switch erator circuit receives the lesser significant bits of the 
provided on an output side of the driver circuit that, in digital video input data and the first switching signal, 
response to the first switching signal, the output switch is and outputs during the normal operation period the 
turned to an ON state during the normal operation period, fourth switching signal corresponding to the lesser 
and is turned to an OFF state during the remaining period so significant bits of the digital video data, and outputs 
as to cut off the electrical connection. 15 during the remaining period a fixed data as the fourth 
According to the above construction employing the out- switching signal, the fixed data causing a current 
put switch, it is made possible to completely cut off the value in the resistance element network to be not 
electrical connection with the capacitive load by a simple more than the median current value between a mini- 
circuit construction. mum current value and a maximum current value in 

In accordance with the 25th aspect of the invention, there 20 the resistance element network, 

is provided a driver circuit as in one of the first to third According to the above construction, the following effects 

aspects of the invention, further comprising: are attained. 

a first switching signal generator circuit which receives a . During the normal operation period, the switching state of 

predetermined reference signal and generates a first the seventh and eighth switches are controlled in response to 

switching signal for alternatively selecting between a 25 tne more significant bits, and the ninth switches are switched 

normal operation period and a remaining period; and to either a high voltage power supply or a low voltage power 

means for cutting off an electrical connection between the supply so as to obtain a driving voltage corresponding to the 

driver circuit and a capacitive load connected to a video data. The driving voltage corresponding to the digital 

source line only during the remaining period in video input data is thereby outputted to the source line, 

response to the first switching signal; 30 During the remaining period, the fourth switching signal 

wherein the DAC comprises: generator circuit makes the input data into an fixed input 

a first DAC section which operates in response to more data wtuch resuIts in a wneni value in the resistance 

significant bits of digital video input data; and network being not more than the median current value 

a second DAC section, which comprises a first con- betweeo the minimum current value and the maximum 

necting terminal receiving a higher voltage output 35 current value, and outputs the fixed data as the fourth 

from the first DAC section and a second connecting switching signal to the group of ninth switches. The power 

terminal receiving a lower voltage output from the consumption in the second DAC section is thereby reduced, 

first DAC section, which employs as a reference ar J d the reduction in power consumption is thus attained. In 

voltage a voltage between the first connecting ter- otncr words, the reduction in power consumption is 

minal and the second connecting terminal, and which 40 achieved by selecting an input data to the second DAC 

operates in response to lesser significant bits of the section, the second DAC section being an R-2R ladder type 

digital video input data; and dotted for the lesser significant bits, 

the first DAC section being composed of a voltage 1° accordance with the 26th aspect of the invention, there 

potentiometer type DAC and the second DAC sec- & provided a driver circuit as in the 25th aspect of the 

tion being composed of an R-2R ladder type DAC; 45 invention, wherein the means for cutting off the electrical 

the first DAC section comprising: connection between the driver circuit and the capacitive load 

a series circuit wherein a plurality of the resistance connected to the source line is such an output switch 

elements are connected in series, one end of the provided on an output side of the driver circuit that, in 

series circuit is connected to a high voltage power response to the first switching signal, the output switch is 

supply terminal, and the other end is connected to 50 turned to an ON state during the normal operation period, 

a low voltage power supply terminal; and Ls turned 10 an 0FF stale durin £ the remaining period so 

a group of seventh switches each connected between ^ to cut off the electrical connection. 

a connecting point of each of the resistance ele- According to the above construction employing the out- 

ments in the series circuit and the first connecting P^t switch, it is made possible to completely cut off the 

terminal, the seventh switches controlled by the 55 electrical connection with the capacitive load by a simple 

more significant bits of the digital video input circuit construction. 

data- and 1° accordance with the 27th aspect of the invention, there 

a group of eighth switches each connected between ^ provided a driver circuit as in one of the first to third 

a connecting point of each of the resistance ele- aspects of the invention, further comprising: 

ments in the series circuit and the second connect- so a first switching signal generator circuit which receives a 

ing terminal, the eighth switches controlled by the predetermined reference signal and generates a first 

more significant bits of the digital video input switching signal for alternatively selecting between a 

data; normal operation period and a remaining period; and 

the second DAC section comprising: means for cutting off an electrical connection between the 

an R-2R ladder resistance element network composed 65 driver circuit and a capacitive load connected to a 

of two types of the resistance elements, each type source line only during the remaining period in 

having a different resistance value; response to the first switching signal; 
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wherein the DAC comprises: 

a first DAC section which operates in response to more 

significant bits of digital video input data; and 
a second DAC section comprising a first connecting 
terminal receiving a higher voltage output from the 
first DAC section, an eleventh switch connected 
between the first connecting terminal and a power 
supply input line connected to the first connecting 
terminal, a second connecting terminal receiving a 
lower voltage output from the first DAC section, and 
a twelfth switch connected between the second con- 
necting terminal and a power supply input line 
connected to the second connecting terminal, the 
second DAC section employing as a reference volt- 
age a voltage between the first connecting terminal 
and the second connecting terminal, and the second 
digital-to-analog converter operating in response to 
lesser significant bit of the digital video input data; 
the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
the first DAC section comprising: 
a series circuit wherein a plurality of the resistance 
elements are connected in series, one end of the 
series circuit is connected to a high voltage power 
supply terminal, and the other end is connected to 
a low voltage power supply terminal; 
a group of seventh switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the first connecting 
terminal, the seventh switches controlled by the 
more significant bits of the digital video input 
data; and 

a group of eighth switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the second connect- 
ing terminal, the eighth switches controlled by the 
more significant bits of the digital video input 
data; 

the second DAC section further comprising: 
an R-2R ladder resistance element network com- 
posed of two types of the resistance elements, 
each type having a different resistance value; and 
a group of ninth switches provided for each of the 
lesser significant bits of the digital input data for 
alternatively selecting between a connecting state 
with the first connecting terminal and a connecting 
state with the second connecting terminal; 
the driver circuit wherein: 
during the normal operation period, the eleventh switch 
and the twelfth switch are turned to an ON state and 
a switching state of each of the seventh switches and 
a switching state of each of the eighth switches are 
controlled corresponding to the more significant bits 
of the digital video input data, and a switching state 
of each of the ninth switches is controlled corre- 
sponding to the lesser significant bits of the digital 
video input data; and 
during the remaining period, the eleventh switch and 
the twelfth switch are turned to the OFF state and the 
electrical connection with the capacitive load is cut 
off by the means for cutting off the electrical con- 
nection. 

According to the above construction, the following effects 
are attained. 

During the normal operation period, the eleventh switch 
and twelfth switch is turned to ON state, the switching stale 



11,273 Bl 

18 

of the seventh and eighth switches are controlled in response 
to the more significant bits of the digital video data, and the 
switching states of the ninth switches are controlled in 
response to the lesser significant bits of the digital video 
5 data. A driving voltage corresponding to the digital video 
input data is thereby outputted to the source line. 

During the remaining period, the eleventh switch and 
twelfth switch is turned to OFF state. The current flowing in 
the second DAC section becomes "0", and the reduction in 
10 power consumption is thus attained. In other words, the 
reduction in power consumption is achieved by cutting off 
the power supply of the second DAC section, the second 
DAC section being an R-2R ladder type and allotted for the 
lesser significant bits. 
15 In accordance with the 28th aspect of the invention, there 
is provided a driver circuit as in the 27th aspect of the 
invention, wherein the means for cutting off the electrical 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
20 provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 
25 According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 
circuit construction. 

In accordance with the 29th aspect of the invention, there 
3 q is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
35 normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
source line only during the remaining period in 
response to the first switching signal; 
40 wherein the DAC comprises: 

a first DAC section which operates in response to more 

significant bits of digital video input data; and 
a second DAC section, which comprises a first con- 
necting terminal receiving a higher voltage output 
45 from the first DAC section and a second connecting 

terminal receiving a lower voltage output from the 
first DAC section, which employs as a reference 
voltage a voltage between the first connecting ter- 
minal and the second connecting terminal, and which 
50 operates in response to lesser significant bits of the 

digital video input data; 
the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
55 the first DAC section comprising: 

a series circuit wherein a plurality of the resistance 
elements are connected in series, one end of the 
series circuit is commonly connected to a first high 
voltage power supply terminal and a second high 
60 voltage power supply terminal having a lower 

voltage level than the first high voltage power 
supply terminal via a tenth switch for selecting a 
power supply, and the other end of the series 
circuit is connected to a low voltage power supply 
65 terminal; 

a group of seventh switches each connected between 
a connecting point of each of the resistance ele- 



09/22/2002, EAST Version: 1.03.0002 



US 6,411,273 Bl 



19 



20 



meats in the series circuit and the first connecting 
terminal, the seventh switches controlled by the 
more significant bits of the digital video input 
data; and 

a group of eighth switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the second connect- 
ing terminal, the eighth switches controlled by the 
more significant bits of the digital video input 
data; 

the second DAC section comprising: 

an R-2R ladder resistance element network com- 
posed of two types of the resistance elements, 
each type having a different resistance value; 
a group of ninth switches provided for each of the 
lesser significant bits of the digital input data for 
alternatively selecting between a connecting state 
with the first connecting terminal and a connecting 
state with the second connecting terminal; and 
a fourth switching signal generator circuit for gen- 
erating a fourth switching signal to control a 
switching state of each of the ninth switches and 
outputting the fourth switching signal to the group 
of ninth switches, wherein the fourth switching 
signal generator circuit receives the lesser signifi- 
cant bits of the digital video input data and the first 
switching signal, and outputs during the normal 
operation period the fourth switching signal cor- 
responding to the lesser significant bits of the 
digital video data, and outputs during the remain- 
ing period a fixed data as the fourth switching 
signal, the fixed data causing a current value in the 
resistance element network to be not more than the 
median current value between a minimum current 
value and a maximum current value in the resis- 
tance element network; 
the driver circuit wherein: 

during the normal operation period, the tenth switch is 
switched to the first high voltage power supply 
terminal, a switching state of the seventh switches 
and a switching state of the eighth switches are 
controlled corresponding to the more significant bits 
of the digital video input data, and a switching state 
of the ninth switches is controlled corresponding to 
the lesser significant bits of the digital video input 
data; and 

during the remaining period, the tenth switch is 
switched to the second high voltage power supply 
terminal, the ninth switches are switched corre- 
sponding to the fixed input data, and the electrical 
connection with the capacitive load is cut off by the 
means for cutting off the electrical connection. 
According to the above construction, the following effects 
are attained. 

During the normal operation period, the tenth switch for 
selecting the power supply is switched to the first high 
voltage power supply terminal side, the switching slates of 
the seventh switches and eighth switches are controlled in 
response to the more significant bits of the digital video data, 
and the ninth switches are switched to either a high voltage 
side or a low voltage side so as to obtain a driving voltage 
corresponding to the lesser significant bits of the video data. 
The driving voltage corresponding to the digital video data 
is thereby outputted to the source line. 

During the remaining period, the tenth switch for select- 
ing the power supply is switched to the second high voltage 
power supply terminal side, the ninth switches are switched 



in response to the aforementioned fixed input data, and the 
electrical connection with the capacitive load is cut off by 
the aforementioned means for cutting off the electrical 
connection. The second high voltage power supply is 
5 selected in the first DAC section, and the current flowing in 
the circuit is thereby reduced, and the supplied power for the 
second DAC section is accordingly reduced. In addition, in 
the second DAC section, the power consumption is further 
reduced with the use of the fixed data. In other words, the 
10 reduction in power consumption is achieved by selecting the 
power supply voltages of the first DAC section, the first 
DAC section being a voltage potentiometer type and allotted 
for the more significant bits, as well as by selecting the input 
data to the second DAC section, the second DAC section 
15 being an R-2R ladder type and allotted for the lesser 
significant bits. 

In accordance with the 30th aspect of the invention, there 
is provided a driver circuit as in the 29th aspect of the 
invention, wherein the means for cutting off the electrical 
2Q connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 
25 and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 

According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 
3 q circuit construction. 

In accordance with the 30th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 
a first switching signal generator circuit which receives a 
35 . predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between the 
driver circuit and a capacitive load connected to a 
40 source line only during the remaining period in 
response to the first switching signal; 
wherein the DAC comprises: 

a first DAC section which operates in response to more 
significant bits of digital video input data; and 
45 a second DAC section comprising a first connecting 
terminal receiving a higher voltage output from the 
first DAC section, an eleventh switch connected 
between the first connecting terminal and a power 
supply input line connected to the first connecting 
50 terminal, a second connecting terminal receiving a 

lower voltage output from the first DAC section, and 
a twelfth switch connected between the second con- 
necting terminal and a power supply input line 
connected to the second connecting terminal, the 
55 second DAC section employing as a reference volt- 

age a voltage between the first connecting terminal 
and the second connecting terminal, and the second 
digital-to-analog converter operating in response to 
lesser significant bit of the digital video input data; 
60 the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
the first DAC section comprising: 

a series circuit wherein a plurality of the resistance 
65 elements are connected in series, one end of the 

series circuit is commonly connected to a first high 
voltage power supply terminal and a second high 
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voltage power supply terminal having a lower 
voltage level than the first high voltage power 
supply terminal via a tenth switch for selecting a 
power supply, and the other end of the series 
circuit is connected to a low voltage power supply 5 
terminal; 

a group of seventh switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the first connecting 
terminal, the seventh switches controlled by the 10 
more significant bits of the digital video input 
data; and 

a group of eighth switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the second connect- 15 
ing terminal, the eighth switches controlled by the 
more significant bits of the digital video input 
data; 

the second DAC section comprising: 
an R-2R ladder resistance element network com- 20 
posed of two types of the resistance elements, 
each type having a different resistance value; and 
a group of ninth switches provided for each of the 
lesser significant bits of the digital input data for 
alternatively selecting between a connecting slate 25 
with the first connecting terminal and a connecting 
state with the second connecting terminal; 
the driver circuit wherein: 
during the normal operation period, the tenth switch is 
switched to the first high voltage power supply 30 
terminal, a switching state of the seventh switches 
and a switching state of the eighth switches are 
controlled corresponding to the more significant bits 
of the digital video input data and a switching state 
of the ninth switches is controlled corresponding to 35 
the lesser significant bits of the digital video input 
data; and 

during the remaining period, the tenth switch is 
switched to the second high voltage power supply 
terminal, the eleventh switch and the twelfth switch 40 
are turned to the OFF slate and the electrical con- 
nection with the capacitive load is cut off by the 
means for cutting off the electrical connection. 
According to the above construction, the following effects 
are attained. 45 

During the normal operation period, the tenth switch for 
selecting the power supply is switched to the first high 
voltage power supply terminal side, the switching slates of 
the seventh switches and eighth switches are controlled in 
response to the more significant bits of the digital video data, 50 
the ninth switches are switched to either a high voltage side 
or a low voltage side so as to obtain a driving voltage 
corresponding to the lesser significant bits of the video data, 
and the eleventh switch and twelfth switch are turned to ON 
state. A driving voltage corresponding to the digital video 55 
data is thereby outputted to the source line. 

During the remaining period, the tenth switch for select- 
ing the power supply is switched to the second high voltage 
power supply terminal side, the eleventh switch and twelfth 
switch are turned to OFF state, and the electrical connection 60 
with the capacitive load connected to the source line is cut 
off by the aforementioned means for cutting off the electrical 
connection. The second high voltage power supply is 
selected for the first DAC section, and the current flowing in 
the circuit is thereby reduced. In the second DAC section, 65 
the current flowing in the circuit becomes "0" by the cutting 
off the power supply. In other words, the reduction in power 
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consumption is achieved by selecting the power supply 
voltages of the first DAC section, the first DAC section 
being a voltage potentiometer type and allotted for the more 
significant bits, as well as by cutting off the power supply to 
the second DAC section, the second DAC section being an 
R-2R ladder type and allotted for the lesser significant bits. 

In accordance with the 32nd aspect of the invention, there 
is provided a driver circuit as in the 31st aspect of the 
invention, wherein the means for cutting off the electrical 
connection between the driver circuit and the capacitive load 
connected to the source line is such an output switch 
provided on an output side of the driver circuit that, in 
response to the first switching signal, the output switch is 
turned to an ON state during the normal operation period, 
and is turned to an OFF state during the remaining period so 
as to cut off the electrical connection. 

According to the above construction employing the out- 
put switch, it is made possible to completely cut off the 
electrical connection with the capacitive load by a simple 
circuit construction. 

In accordance with the 33rd aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 

a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding the 
precharge period mode; 
wherein the DAC is composed of an R-2R ladder type 
DAC comprising: 

an R-2R ladder resistance element network composed 
of two types of the resistance elements, each type 
having a different resistance value; 
a group of fourth switches, each provided for each bit 
of digital video data, for determining an output 
voltage by alternatively selecting between a connect- 
ing state with a high voltage power supply terminal 
and a connecting state with a low voltage power 
supply terminal; and 
a sixth switching signal generator circuit for generating 
a sixth switching signal to control a switching state 
of each of the fourth switches and outputting the 
sixth switching signal to the group of fourth 
switches, wherein the sixth switching signal genera- 
tor circuit receives the fifth switching signal and 
digital video data, and outputs a data corresponding 
to the digital video data as the sixth switching signal 
during the remaining period, and outputs a fixed data 
as the sixth switching signal during the precharge 
period, the fixed data causing a current value in the 
resistance element network to be not more than an 
median current value between a minimum current 
value and a maximum current value in the resistance 
element network. 
According to the above construction, during the precharge 
period, a combination of the switching states of the fourth 
switches is made, by the sixth switching signal generator 
circuit, to be such a combination as results in a current value 
in the resistance network being not more than the median 
current value between the minimum current value and the 
maximum current value in the resistance network. 
Therefore, it is made possible to reduce the power consump- 
tion in the precharge period. 

In accordance with the 34th aspect of the invention, there 
is provided a driver circuit as in one of the first to third 
aspects of the invention, further comprising: 
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a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding the 
precharge period mode; 
wherein the DAC comprises: 

a first DAC section which operates in response to more 

significant bits of digital video input data; and 
a second DAC section, which comprises a first con- 
necting terminal receiving a higher voltage output 
from the first DAC section and a second connecting 
terminal receiving a lower voltage output from the 
first DAC section, which employs as a reference 
voltage a voltage between the first connecting ter- 
minal and the second connecting terminal, and which 
operates in response to lesser significant bits of the 
digital video input data; 
the first DAC section being composed of a voltage 
potentiometer type DAC and the second DAC sec- 
tion being composed of an R-2R ladder type DAC; 
the first DAC section comprising: 

a series circuit wherein a plurality of the resistance 
elements are connected in series, one end of the 
series circuit is commonly connected to a first high 
voltage power supply terminal and a second high 
voltage power supply terminal having a lower 
voltage level than the first high voltage power 
supply terminal via a tenth switch for selecting a 
power supply, and the other end of the series 
circuit is connected to a low voltage power supply 
terminal; 

a group of seventh switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the first connecting 
terminal, the seventh switches controlled by the 
more significant bits of the digital video input 
data; and 

a group of eighth switches each connected between 
a connecting point of each of the resistance ele- 
ments in the series circuit and the second connect- 
ing terminal, the eighth switches controlled by the 
more significant bits of the digital video input 
data; 

the second DAC section comprising: 

an R-2R ladder resistance element network com- 
posed of two types of the resistance elements, 
each type having a different resistance value; 

a group of ninth switches provided for each of the 
lesser significant bits of the digital input data for 
alternatively selecting between a connecting state 
with the first connecting terminal and a connecting 
state with the second connecting terminal; and 

a fourth switching signal generator circuit for gen- 
erating a seventh switching signal to control a 
switching state of each of the ninth switches and 
outputting the seventh switching signal to the 
group of ninth switches, wherein the seventh 
switching signal generator circuit receives the fifth 
switching signal and the lesser significant bits of 
the digital video data, and outputs a data corre- 
sponding to the lesser significant bits of the digital 
video input data as the seventh switching signal 
during the remaining period, and outputs a fixed 
data as the seventh switching signal during the 
precharge period, the fixed data causing a current 
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value in the resistance element network to be not 
more than an median current value between a 
minimum current value and a maximum current 
value in the resistance element network; 
the driver circuit wherein: 
during the remaining period, the tenth switch is 
switched to the first high voltage power supply 
terminal, a switching state of the seventh switches 
and a switching state of the eighth switches are 
controlled corresponding to the more significant bits 
of the digital video input data, and a switching state 
of the ninth switches is controlled corresponding to 
the lesser significant bits of the digital video input 
data; and 

during the precharge period, the tenth switch is 
switched to the second high voltage power supply 
terminal, the ninth switches are switched corre- 
sponding to the fixed input data, and the electrical 
connection with the capacitive load is cut off by the 
means for cutting off the electrical connection. 
According to the above construction, during the remain- 
ing period excluding the precharge period, the tenth switch 
for selecting the power supply is switched to the first high 
voltage power supply terminal side, the switching states of 
the seventh switches and eighth switches are controlled 
corresponding to the more significant bits of the digital 
video data, and the ninth switches are switched to either a 
high power supply or low power supply so as to obtain a 
driving voltage corresponding to the lesser significant bits of 
the video data. 

During the precharge period, the tenth switch for selecting 
the power supply is switched to the second high voltage 
power supply terminal side, and the ninth switches are 
switched in response to the aforementioned fixed data. It is 
thereby made possible to reduce the power consumption in 
the precharge period. 

In accordance with the 35th aspect of the invention, there 
is provided a driver circuit as in the 13th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the first switching 
signal is generated by which an output signal from the delay 
circuit for delaying the horizontal synchronizing signal for a 
predetermined time determined by a resistance value of the 
resistance element which composes the integrator circuit and 
a horizontal synchronizing signal are ANDed together, and 
therefore it is made possible to determine the length of a 
high level period of the first switching signal by the resis- 
tance value. Consequently, it is made possible to absorb the 
difference in the steady -state currents flowing in the resis- 
tance elements in the DAC, which is caused by a variation 
of the resistance values of the resistance elements in each 
substrate. 

The description below further details the above effect. Id 
the case of a resistance element on an array substrate having 
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a high resistance value, it is preferable that the low power 
period be short, since the current flowing in the DAC is 
relatively small and therefore it takes relatively a long time 
to charge a capacitive load connected to a source line SL. In 
this case, even if the low power period is made short (i.e., the 5 
normal operation period is made long), no adverse effect 
occurs in view of the reduction in power consumption 
because the power consumption during the normal operation 
period is decreased by the resistance elements having a high 
resistance value. On the other hand, in the case of a 10 
resistance element having a low resistance value, it is 
preferable that the low power period be long, since the 
current flowing in the DAC is relatively large and therefore 
the time required for charging the source line becomes 
relatively short. When there arises a need to change the 15 
lengths of the normal operation period and the low power 
period according to the resistance values of the resistance 
elements on each of the array substrates in order to meet the 
two requirements, one being the charging of the source line 
and the other being the reduction in power consumption, this 2 o 
construction enables the length of the high level period of 
the first switching signal to be automatically adjusted to the 
most suitable length by the first switching signal generator 
circuit so that it can meet the two requirements. It is 
therefore made possible to automatically carry out an adjust- 25 
ment for optimizing the power consumption regardless of 
the precision of the resistance elements, by constructing the 
integrator circuit with the resistance element formed on the 
same array substrate as the one on which the resistance 
elements of the DAC are formed. As a result, it is made 30 
possible to automatically carry out the adjustment for opti- 
mizing the power consumption for all the substrates regard- 
less of the variation of the resistance elements. 

In accordance with the 36th aspect of the invention, there 
is provided a driver circuit as in the 15th aspect of the 35 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 40 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 45 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 50 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 37th aspect of the invention, there 
is provided a driver circuit as in the 17th aspect of the 
invention, wherein the first switching signal generator cir- 55 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 60 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 65 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
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together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 38th aspect of the invention, there 
is provided a driver circuit as in the 19th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 39th aspect of the invention, there 
is provided a driver circuit as in the 21st aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 40th aspect of the invention, there 
is provided a driver circuit as in the 23rd aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 41st aspect of the invention, there 
is provided a driver circuit as in the 25th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
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the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 42nd aspect of the invention, there 
is provided a driver circuit as in the 27th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 43rd aspect of the invention, there 
is provided a driver circuit as in the 29th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 44th aspect of the invention, there 
is provided a driver circuit as in the 31st aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, the delay circuit for delaying the horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of the resistance 
element in the integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
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According to the above construction, the same effect as in 
the 35th aspect of the invention can be attained. 

In accordance with the 45th aspect of the invention, there 
is provided a driver circuit as in the 13th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the optimization of 
the normal operation period can be realized with taking into 
consideration not only a variation of the resistance element 
but also a variation of the capacitive load by employing the 
capacitive load connected to the source line as the capaci- 
tance element in the integrator circuit. 

In accordance with the 46th aspect of the invention, there 
is provided a driver circuit as in the 15th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 45th aspect of the invenlion can be attained. 

In accordance with the 47th aspect of the invention, there 
is provided a driver circuit as in the 17th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizonlal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
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together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

In accordance with the 48th aspect of the invention, there 
is provided a driver circuit as in the 19th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

In accordance with the 49th aspect of the invention, there 
is provided a driver circuit as in the 21st aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

In accordance with the 50th aspect of the invention, there 
is provided a driver circuit as in the 23rd aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs ihe first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 



According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

In accordance with the 51st aspect of the invention, there 
is provided a driver circuit as in the 25th aspect of the 
5 invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
10 a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
15 resistance element in the integrator circuit and a 

capacitance value of the capacitance element in the 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
20 together to output a resultant signal as the first 

switching signal. 
According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

In accordance with the 52nd aspect of the invention, there 
25 is provided a driver circuit as in the 27th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
30 the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, the delay circuit for delaying the 
35 horizontal synchronizing signal for a predetermined 

delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 
integrator circuit; and 
40 a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 
According to the above construction, the same effect as in 
45 the 45th aspect of the invention can be attained. 

In accordance with the 53rd aspect of the invention, there 
is provided a driver circuit as in the 29th aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
50 first switching signal from the horizontal synchronizing 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
55 element composed of a capacitive load connected to 

a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
60 capacitance value of the capacitance element in the 

integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
65 switching signal. 

According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 
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In accordance with the 54th aspect of the invention, there 
is provided a driver circuit as in the 31st aspect of the 
invention, wherein the first switching signal generator cir- 
cuit receives a horizontal synchronizing signal, generates a 
first switching signal from the horizontal synchronizing 5 
signal, and outputs the first switching signal to the DAC: 
the first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 10 
a source line, the delay circuit for delaying the 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of the 
resistance element in the integrator circuit and a 
capacitance value of the capacitance element in the 15 
integrator circuit; and 
a logic circuit wherein an output from the delay circuit 
and the horizontal synchronizing signal are ANDed 
together to output a resultant signal as the first 
switching signal. 2 n 
According to the above construction, the same effect as in 
the 45th aspect of the invention can be attained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the construction of ^ 
a liquid crystal display in accordance with Embodiment 1-1 
of the present invention. 

FIGS. 2{a)-{b) are diagrams showing a partial construc- 
tion of the LCD driver circuit in accordance with Embodi- 
ment 1-1 of the present invention. 30 

FIG. 3 is a diagram showing the construction of the LCD 
driver circuit in accordance with Embodiment 1-1 of the 
present invention. 

FIG. 4 is a diagram showing the construction of the LCD 
driver circuit in accordance with Embodiment 1-2. 35 

FIG. 5 is a diagram showing the construction of the LCD 
driver circuit in accordance with Embodiment 1-3. 

FIG. 6 is a diagram showing the construction of the LCD 
driver circuit in accordance with Embodiment 1-4. 

FIGS. 7(aH c ) are diagrams to illustrate the normal 40 
operation period in Embodiment 2 of the present invention. 

FIGS. 8(a)-(c) are other diagrams to illustrate the normal 
operation period in Embodiment 2 of the present invention. 

FIG. 9 is a schematic diagram showing the construction of 
the LCD driver circuit in accordance with Embodiment 2-1 45 
of the present invention. 

FIG. 10 is a timing chart of the LCD driver circuit in 
accordance with Embodiment 2-1 of the present invention. 

FIG. 11 is a circuit diagram of a DAC incorporated in the 5Q 
LCD driver circuit in accordance with Embodiment 2-1 of 
the present invention. 

FIG. 12 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-1 of 
the present invention. 55 

FIG. 13 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-2 of 
the present invention. 

FIG. 14 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-3 of 60 
the present invention. 

FIG. IS is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-3 of 
the present invention. 

FIG. 16 is a circuit diagram of a DAC incorporated in the 65 
LCD driver circuit in accordance with Embodiment 2-4 of 
the present invention. 
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FIG. 17 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-5 of 
the present invention. 

FIG. 18 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-5 of 
the present invention. 

FIG. 19 is a diagram showing the equivalent circuit of a 
DAC in the case of the input data being a sixth input data. 

FIG. 20 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-6 of 
the present invention. 

FIG. 21 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-6 of 
the present invention. 

FIG. 22 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-7 of 
the present invention. 

FIG. 23 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-7 of 
the present invention. 

FIG. 24 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-8 of 
the present invention. 

FIG. 25 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-8 of 
the present invention. 

FIG. 26 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-9 of 
the present invention. 

FIG. 27 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-9 of 
the present invention. 

FIG. 28 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-10 of 
the present invention. 

FIG. 29 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-10 of 
the present invention. 

FIG. 30 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-11 of 
the present invention. 

FIG. 31 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-11 of 
the present invention. 

FIG. 32 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-12 of 
the present invention. 

FIG. 33 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-12 of 
the present invention. 

FIG. 34 is a schematic diagram showing the construction 
of a DAC incorporated in the LCD driver circuit in accor- 
dance with Embodiment 2-13 of the present invention. 

FIG. 35 is a timing chart of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-13 of 
the present invention. 

FIG. 36 is a circuit diagram of a DAC incorporated in the 
LCD driver circuit in accordance with Embodiment 2-14 of 
the present invention. 

FIG. 37 is a circuit diagram of a first switching signal 
generator circuit provided in the LCD driver circuit in 
accordance with Embodiment 2-14 of the present invention. 

FIG. 38 is a timing chart of the first switching signal 
generator circuit. 
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FIG. 39 is a timing chart of a DAC incorporated in the THE BEST MODE FOR CARRYING OUT THE 

LCD driver circuit in accordance with Embodiment 2-14 of INVENTION 

the present invention. Embodiment 1 

FIG. 40 is a circuit diagram of a DAC incorporated in the . (Embodiment 1-1) 

LCD driver circuit in accordance with Embodiment 2-15 of 5 with reference to FIGS. 1 to 3, there is described a driver 

the present invention. circuit for an active matrix liquid crystal display (AMLCD) 

FIG. 41 is a timing chart of a DAC incorporated in the of Embodiment 1-1 hereinafter. 

LCD driver circuit in accordance with Embodiment 2-15 of The AMLCD is constructed as shown in FIG. 1, by 

the present invention. stacking up a polarizing filter layer 51, a glass substrate 52, 

FIG. 42 is a circuit diagram of a DAC incorporated in the ™ a liquid crystal panel PNL, a counter glass substrate 54 

LCD driver circuit in accordance with Embodiment 2-16 of where a counter transparent electrode 53 is formed thereon, 

the present invention. a polarizing filter layer 55, and so forth. 

FIG. 43 is a timing chart of a DAC incorporated in the In a ^P 1 ^ rc S ion 60 on & c S 1 ^ substrate 52, there are 

LCD driver circuit in accordance with Embodiment 2-16 of formed l^es SL disposed parallel to each other 

the present invention 15 wnosc number corresponds with the number of the pixels on 

FIG. 44 is a circuit diagram of a DAC incorporated in the a *} «** ^ !*» GL disposed in the direction 

LCD driver circuit in accordance with Embodiment 2-17 of perpendicular to the source lines SL, whose number cone- 

iu „ sponds with the number of the pixels on a vertical line, with 

the present invention. r . , . , , , *\. , , , ' 

... . . . c r^A^- j • i an insulation layer (not shown) disposed between the source 

FIG. 45 is a timing chart or a DAC incorporated in the r „ r , J . ,. v ^ T i i_ ■ t 4 . i c 

r , . . . . ° , . , „ . j . . - 20 lines SL and gate lines GL. In each intersectional position oi 

LCD driver circuit in accordance with Embodiment 2-17 of , . . ^ *u r a i 

source lines SL and gate lines GL, there are formed a pixel 

the present invention. ,. . . ^ , . . t , 

„ . . . t . r n ^ . , - , switching transistor 61 and a pixel electrode 62. 

FIG. 46 is a circuit diagram of a DAC incorporated in the Qn the ]ass substrate 52> there are also formed driver 

LCD driver circuit in accordance with Embodiment 2-18 of circuits n fof applying dfiving voUages tQ ^ lines 

the present invention. 25 SL> including digital-to-analog converter circuits (DACs) 

FIG. 47 is a timing chart of a DAC incorporated in the therein, and vertical scanning switches GSW for selectively 

LCD driver circuit in accordance with Embodiment 2-18 of applying voltages Vg to the gate lines GL. It is noted that the 

the present invention. driver circuits 71 may be provided corresponding to each set 

FIG. 48 is a circuit diagram of a DAC incorporated in the 0 f a cer t a in predetermined number of source lines selec- 

LCD driver circuit in accordance with Embodiment 2-19 of 30 t i ve i y connected by switches, but for clarity of illustration, 

the present invention. the description hereinafter assumes that a driver circuit 71 is 

FIG. 49 is a timing chart of a DAC incorporated in the provided corresponding to each source line SL, and the 

LCD driver circuit in accordance with Embodiment 2-19 of following description will be concerned with one driver 

the present invention. circuit 71 corresponding to one source line SL. 

FIG. 50 is a circuit diagram of a DAC incorporated in the 35 Resistance elements comprised in the DACs in the afore- 

LCD driver circuit in accordance with Embodiment 2-2(1 of mentioned driver circuit 71, as well as the pixel switching 

the present invention. transistors 61, are formed by poly crystalline silicon (p-Si) 

FIG. 51 is a timing chart of a DAC incorporated in the formed on the glass substrate 52, as shown in FIG. 2. 

LCD driver circuit in accordance with Embodiment 2-20 of FIG. 2(a) shows a circuit diagram of the switching 

the present invention. 40 elements and resistance elements composing the DAC in the 

FIG. 52 is a circuit diagram of a DAC incorporated in the driver circuit 71, and FIG. 2(b) shows a wiring pattern of the 

LCD driver circuit in accordance with Embodiment 2-21 of switching elements and resistance elements shown in FIG. 

the present invention. 2(a). It is to be noted that only one of the resistance elements 

FIG. 53 is a timing chart of a DAC incorporated in the composing the DAC and one switching element connected 

LCD driver circuit in accordance with Embodiment 2-21 of 45 t0 this resistance element are shown in FIG. 2(a) so that the 

the present invention characteristics of an LCD driver circuit of the present 

FIG. 54 is a circuit diagram of a DAC incorporated in the inv A en,ion wUI be , raore c n lea u r 'y Unde 'S° od ,, I ., . t A . 

LCD driver circuit in accordance with Embodiment 2-22 of resistance element R shown m FIG. 2(b) is formed m 

an n+ layer of p-Si on an array substrate of the LCD. A 

the present invention. ... , -r, j * ,r» 

-4 - mm . . . , r — . „ . j - i 50 switching element Tr connected to the resistance element R 

FIG. 55 is a timing chart of a DAC incorporated in the ~ . . - /L v , , 

, i . - . . » - , . * * c is an n-channel transistor. In FIG. 2(b), there are also shown 

LCD driver circuit m accordance with Embodiment 2-22 oi , - lor.u u- i . j ■ 

^ . . a source terminal S of the switching element Tr, a drain 

the present invention. terminal D of the switching element Tr, a gate terminal G of 

FIG. 56 is a circuit diagram of a DAC incorporated m the lhe switching elemenl Tr> a gate electrode 1 composed of 

LCD driver circuit in accordance with Embodiment 2-23 of 55 aluminum and tne like> and an 0UtpuL terminal 2 . There are 

the present invention. also s h own a source region 3 and a drain region 4 both 

FIG. 57 is a timing chart of a DAC incorporated in the formed in n+ layer 0 f p _Si, and a channel region 5 disposed 

LCD driver circuit in accordance with Embodiment 2-23 of between the source region 3 and the drain region 4. 

the present invention. The source terminal S is connected to the source region 3 

FIG. 58 is a circuit diagram showing the construction of 60 v j a a contact region Res disposed therebetween. The gate 

a first switching signal generator circuit 105B in accordance terminal G is connected to the gate electrode 1 via a contact 

with Embodiment 2-24 of the present invention. region Reg disposed therebetween. The drain terminal D is 

FIG. 59 is a timing chart of the first switching signal commonly connected to the drain region 4 and the resistance 

generator 105B. element R via a contact region Red disposed therebetween. 

FIG. 60 is a circuit diagram showing the construction of 65 The output terminal 2 is connected to the resistance element 

a first switching signal generator circuit 105C in accordance R via a contact region Rcr disposed therebetween. Each of 

with Embodiment 2-25 of the present invention. these contact regions Res, Reg, Red, and Rcr functions as a 
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resistance element inversely proportional to each of the 
areas thereof. Consequently, an equivalent circuit to the 
wiring pattern shown in FIG. 2(b) will be the circuit diagram 
as shown in FIG. 2(a). 

The shape of n+ layer of p-Si that functions as a resistance 5 
element R is determined according to the following grounds. 
The resistance value r of the resistance element R is pro- 
portional to the length L of the n+ layer of p-Si, and 
inversely proportional to the width W. Accordingly, the 
resistance value r is: r=pxL/W where p is a sheet resistance ao 
of n+ layer of p-Si. For example, assuming that a resistance 
element R with r=10 k& is to be formed, the required 
element is realized by setting L/W=5 when a sheet resistance 
p=2 kQ/CI, for example by setting L=100yum and W~20//m. 
Thus, a desired resistance value is obtained by arbitrarily 15 
selecting combinations of the length L and width W of an n+ 
layer. Hence, it is made possible to form on an array 
substrate a circuit wherein a resistance element R formed on 
an n+ layer of p-Si is connected to a switching element Tr. 

A digital-to-analog converter circuit (DAC) in the present 20 
invention is constructed by using a plurality of the afore- 
mentioned resistors R and switching elements Tr and con- 
necting them in a predetermined wiring pattern. By incor- 
porating DACs in an array substrate as described above, it 
is made possible to eliminate drier ICs from the components 25 
of an LCD, and thereby to reduce the manufacturing cost. It 
is also thereby made possible to eliminate the step of 
mounting the driver ICs on the array substrate and to reduce 
the thickness of an LCD. 

FIG. 3 shows a specific circuit construction of a driver 30 
circuit for an LCD. A DAC 10 comprised in this driver 
circuit is composed of an R-2R ladder type DAC. The DAC 
10 comprises resistance elements RnO, Rnl, Rn2, Rn3, 
RnOO, RnOl, Rnl2, and Rn23, and switching circuits 15a to 
ISd provided corresponding to each bit of digital input data 35 
so as to selectively switch a high voltage power supply VH 
and a low voltage power supply VL. Each of the resistance 
elements RnO, Rnl, Rn2, Rn3, RnOO, RnOl, Rnl2, and Rn23 
is formed in the n+ layer of p-Si. All the resistance elements 
RnO, Rnl, Rn2, and Rn3 have the same resistance value, and 40 
likewise, RnOO, RnOl, Rnl2, and Rn23 have the same 
resistance value; on the other hand, the resistance value of 
the resistance elements RnOO, RnO, Rnl, Rn2, and Rn3 are 
twice as large as the resistance value of the resistance 
elements RnOl, Rnl2, and Rn23. That is, when the resis- 45 
tance value of the resistance elements RnOl, Rnl2, Rn23 is 
represented by rl, the resistance value of the resistance 
elements RnOO, RnO, Rnl, Rn2, Rn3 is represented by 2xrl. 

The switching circuit 15a connected to the resistance 
element RnO is composed of a switching element TrOa and 50 
TrOb, the switching circuit 15b connected to the resistance 
element Rnl is composed of a switching element Trla and 
Trlfc, the switching circuit 15c connected to the resistance 
element Rn2 is composed of a switching element Tr2a and 
Tr2fc, and the switching circuit ISd connected to the resis- 55 
tance element Rn3 is composed of a switching element Tr3a 
and Tr36. These eight switching elements TrOa through Tr3b 
are an n -channel transistor formed on the array substrate. 

Each of the digital input data bits DO, DO*; Dl, Dl*; D2, 
D2*; and D3, D3* is fed to each gate of the aforementioned 60 
switching elements TrOa, TrOb; Trla, Trlfc; Tr2a, Tr2b; and 
Tr3a,Tr3£» respectively. The bits DO to D3 represent each bit 
of 4 bit digital input data signals, and the bits DO* to D3* 
respectively represent the inverted ones of each bit DO to 
D3. The bits DO and DO* function as a switching signal for 65 
the switching elements TrOa and TrOfe respectively, the bits 
Dl and Dl* function as a switching signal for the switching 



,273 Bl 

36 

elements Trio and Trlb respectively, the bits D2 and D2* 
function as a switching signal for the switching elements 
Tr2a and Tr26 respectively, and the bits D3 and D3* 
function as a switching signal for the switching elements 
Tr3a and Tr3Z? respectively. For example, the switching 
element TrOa is turned ON when the bit DO is a logic "1", 
and turned OFF when the bit DO is a logic "0" 

Although this embodiment shows an example in the case 
of the 4-bit digital input signals, the present invention can be 
practiced for other multiple-bit digital input signals by 
employing a plurality of the above structures. 

A signal amplifier element 11 is composed of an 
n-channel transistor formed on the array substrate. The 
signal amplifier element 11 may be composed of a p-channel 
transistor, or a combination of an n-channel transistor and a 
p-channel transistor. The signal amplifier element 11 is, 
specifically, achieved by an operational amplifier (op -amp) 
which functions as a voltage follower. The signal amplifier 
element 11 may be composed of a source follower type 
n-channel transistor or a source follower type p-channel 
transistor in place of the op-amp which functions as a 
voltage follower. An analog output voltage from the DAC 10 
drives a source line SL for liquid crystal elements with its 
output current being amplified by the signal amplifier ele- 
ment 11, while the output voltage amplification ratio is held 
at 1. In addition, this signal amplifier element 11 has an 
impedance conversion function, so that it is capable of 
driving a source line SL having a large capacitive load 
quickly with the output capability of the DAC being kept 
small. Moreover, by forming the signal amplifier element 11 
on the array substrate, it is made possible to eliminate the 
signal amplifier elements from the component items of an 
LCD, and thereby to reduce the manufacturing cost when 
compared with the case where the signal amplifier elements 
as individual components are mounted onto the array sub- 
strate. It is also thereby made possible to eliminate the step 
of mounting the signal amplifier elements on the array 
substrate. 

The total area of the resistance elements used in the DAC 
10 is as follows. Assuming that the resistance value rl of the 
reference resistance element RnOl is 10 kQ, that the sheet 
resistance p of n+ layer of p-Si is 2 kQ/D, and that the width 
of n+ layer of p-Si is 20 pm, a length LI of each n+ layer of 
p-Si which functions as the resistance elements RnOl, Rnl2. 
and Rn23 results in LI =100 pm, and a length L2 of each 
n+layer of p-Si which functions as the resistance elements 
RnOO, RnO, Rnl, Rn2, and Rn3 results in L2=200 pan. 
Accordingly, the total area of the resistance elements used in 
the DAC 10 results in 0.026 mm 2 , excluding the pattern 
clearance areas (the gap areas between each n+ layer a 
resistance element). 

As described above, by employing an R-2R ladder type 
DAC for the DAC in the present invention, it is made 
possible to construct a DAC with two types of resistance 
elements, one with the resistance value rl and the other with 
the resistance value 2xrl. Thereby, when compared with the 
case where a DAC having a construction other than the R-2R 
ladder type is employed to obtain similar output voltage 
characteristics, the total area required for resistance ele- 
ments in a DAC can be substantially reduced, and moreover, 
the scale of a circuit required for decoding digital data can 
be reduced. 

Now, there is described a summary of the operation of the 
DAC having the above-described construction. Assuming 
that the digital input data bits DO, Dl, and D2 are a logic "1", 
and that the digital input data bit D3 is logic "0", the bits 
DO*, Dl* ; and D2* are logic "0", and the bit D3 is a logic 
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"1". Therefore, the switching element TrOa is turned to ON 
state and the TrOfc is turned to OFF state, and thereby, of the 
power supply voltages VL and VH, the voltage VH is 
applied to the resistance element RnO via the switching 
element TrOa. Likewise, the power supply voltage VH is 
applied to the resistance element Rn2 via the switching 
element Trl/7 and to the resistance element Rn2 via the 
switching element Tr2a. On the other hand, the switching 
element Tr3a is turned to OFF state and the switching 
element Tr3fc is ON state, of the power supply voltages VL 
and VH, the voltage VL is applied to the resistance element 
Rn3 via the switching element Tr3a. Thus, corresponding to 
the each digital input data bits DO to D3 and each inverted 
digital input data bits DO* to D3*, one voltage of the power 
supply voltages VL or VH is selected and applied to the 
resistance elements RnO, Rl, Rn2, and Rn3 via the switching 
elements Trfla to Tr3a or the switching elements Tr06 to 
Tr3/>. The former resistance elements R00, RnO, Rnl, Rn2 
and Rn3 have twice as large resistance value as the latter 
resistance elements R01, R12, and R23, and therefore the 
voltage at a connecting terminal 24 is represented by VL+ 
(VH-VL)(D0+2xDl+4xD2+8xD3)/8. Thus, 16 types of lin- 
ear output voltages corresponding to the digital input data 
DO to D3 and DO* to D3* are obtained. 
(Embodiment 1-2) 

FIG. 4 shows the construction of a driver circuit according 
to Embodiment 1-2. In this driver circuit according to 
Embodiment 1-2, a voltage potentiometer type DAC is used 
in place of the R-2R ladder type employed in Embodiment 
1-1. As for the digital input signal, it consists of three bits, 
DO, Dl, and D2. In a DAC 28 of this embodiment, there are 
formed resistance elements Rl to R7 connected in series 
between a high voltage power supply VH and a low voltage 
power supply VL, switching elements TrO to Tr7 connected 
between connecting terminals CO to C7 of the resistance 
elements Rl to R7 and an output terminal, and a selective 
circuit 30 relating to the switching elements TrO to Tr7. The 
selective circuit 30 alternatively selects one of the connect- 
ing terminals CO to C7 of the resistance elements Rl to R7 
in response to the digital input signals DO to D2. This 
selective circuit 30 is composed of three-input gate circuits 
BO to B7 for selecting the switching states of the switching 
elements TrO to Tr7. The gate circuits BO to B7 are com- 
posed of n-channel transistors. The gate circuits BO to B7 
may be composed of p-channel transistors or combinations 
of n-channel transistors and p-channel transistors. 

In a DAC having the above-described construction, when 
the digital input signals Dl and D2 are logic "0" and the 
digital input signal DO is a logic "1", the outputs of the gate 
circuits B2 to B7 and BO are made to be low level, and the 
output of the gate circuit Bl is made to be high level. 

As a result, the switching elements Tr2 to Tr7 and TrO is 
turned to ON state and the switching element Trl is turned 
to OFF state. Thereby, the voltage of the connecting terminal 
CI, which is supplied from a high voltage power supply VH 
and dropped by the resistance elements R7 to R2, is applied 
to a signal amplifier element 11 as an output voltage. Thus, 
one of the connecting terminals CO to C7 is selected corre- 
sponding to the switching states of the switching elements 
TrO to Tr7, and one of the voltages divided by the resistance 
elements Rl to R7 and is picked out as the output voltage 
corresponding to the selected connecting terminal. 
Consequently, the output voltage is weighted by a resistance 
value of each of the resistance elements R0 to R7. Therefore, 
a linear output voltage characteristic can be obtained by 
setting the resistance values of the resistance elements Rl to 
R7 at the same value, and conversely, a desired curve in the 
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output voltage characteristic can be obtained by arbitrarily 
setting the resistance value ratio of the resistance elements 
Rl to R7 at a certain ratio. 

In addition, since this embodiment has a construction in 

5 which only the resistance elements are connected in series 
between the power supplies, it is made possible to obtain 
such output voltage characteristics as designed using only 
resistance elements in the actual circuit. The reason is as 
follows. In the actual designing of circuits, if the DAC has 

10 a construction as described in FIG. 3 or other constructions, 
an ON resistance of switching elements should be taken into 
consideration in determining the output voltage. Conversely, 
in this embodiment, as apparent in FIG. 4, if the current 
flowing through switching elements are small, i.e., the input 

15 impedance to the switching element 11 is large, a voltage 
drop and current diversion by the switching element can be 
prevented, and therefore the output voltage is determined by 
only dividing voltages by the resistance elements. 
It is therefore made unnecessary to take into consideration 

20 ON resistances of the switching elements, and possible to 
determine the output voltage by only the resistance ele- 
ments. 

(Embodiment 1-3) 

Now with reference to FIG. 5, the construction of a driver 

25 circuit of Embodiment 1-3 is detailed below. This driver 
circuit of Embodiment 1-3 has a similar construction to the 
driver circuit described in Embodiment 1-1, and the same 
reference characters are used for the corresponding parts. 
Embodiment 1-3 differs from Embodiment 1-1 in that the 

30 signal amplifier element 11 is not employed in the circuit 
construction. In this embodiment, the analog output voltage 
from the DAC 10 is directly outputted to the source line SL 
without amplified, and thus it directly drives liquid crystal 
elements. In order to make this possible, each resistance 

35 value of the resistance elements RnO to Rn3, RnOO, RnOl, 
Rnl2, and Rn23 as well as each voltage of the power 
supplies VG and VD are determined so that a driving voltage 
required for driving liquid crystal elements can be obtained 
by the output voltage from the DAC 10. 

40 According to this construction, wherein the signal ampli- 
fier element 11 is eliminated, the whole circuit area can be 
made smaller corresponding to the circuit area to be occu- 
pied by the signal amplifier element 11 when compared with 
the case where the signal amplifier element 11 is formed on 

45 the array substrate, and moreover the power consumption of 
the signal amplifier element 11 is eliminated. 

It is noted, just for reference, that in the case where the 
signal amplifier element 11 is employed, the signal amplifier 
element 11 is required to have a high performance since the 

50 output voltage characteristics is very much dependent on the 
performance of the signal amplifier element 11. However, in 
the present state of art, p-Si transistors are inferior to 
crystalline silicon transistors in their transistor performance. 
Hence, in the aforementioned construction of FIG. 3, in 

55 which the signal amplifier element 11 is formed on the array 
substrate, a large scale circuit is inevitably required so as to 
obtain an ouiput voltage characteristics and output current 
characteristic with high precision, and therefore a desired 
precision may not be able to be obtained within a limited 

60 area on the array substrate. In this respect, according to the 
construction of FIG. 5, in which the signal amplifier element 
11 is eliminated, the reliability of an LCD driver circuit is 
further improved, and the driver circuit can be suitably used 
for the case where a highly -precise output voltage charac- 

65 teristic is required. It is to be noted that in this embodiment, 
there has been described a driver circuit having a construc- 
tion in which the signal amplifier element 11 is eliminated 
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from the driver circuit of FIG. 3, but this embodiment may shown in FIG. 3, and moreover, it can obtain the output 

also be achieved by employing a construction in which the characteristic with a desired step-like line within the range 

signal amplifier element 11 is eliminated from the afore- of the more significant bits. Furthermore, in the driver circuit 

mentioned driver circuit of FIG. 4. according to the above construction, by employing the 

(Embodiment 1-4) 5 above construction of the lesser significant bit section, (he 

FIG. 6 depicts the construction of a driver circuit of scale of the selective circuit therein can be reduced, and in 

Embodiment 1-4. A DAC 40 of this embodiment comprises the case of the lesser significant bits being three or more bits, 

a first DAC section 41 operated in response to two more the number of the resistance elements can be also reduced 

significant bits D3 and D2 of digital inputs DO to D3 and a when compared with the construction shown in FIG. 4. 

second DAC section 42 operated in response to two lesser 10 It is understood that although the potentials of both 

significant bits Dl and DO. In the first DAC section 41, connecting terminals of one resistance element are selected 

resistance elements R4 to R7 are connected in series for the terminals VH2 and VL2 in this embodiment, there is 

between a high voltage power supply VH and a low voltage no problem at all if one connecting terminal is selected from 

power supply VL, which are the references for an output one of the resistance elements and the other connecting 

voltage, switching elements Tr4H to Tr7H are connected 15 terminal from another resistance element, 

between a terminal VH2 and each high voltage terminal of In the embodiments described thus far, although the 

the connecting terminals of the resistance elements R4 to resistance elements are formed in the n+ layer of p-Si, the 

R7, and switching elements Tr4L to Tr7L are connected present invention is not limited thereto, and the resistance 

between a terminal VL and each low voltage terminal of the elements may be formed from an n- layer of p-Si, p+ layer, 

connecting terminals of the resistance elements R4 to R7. A 20 or p- layer of p-Si, or any of an n+ layer, n- layer, p+ layer, 

selective circuit 44 is provided in relation to the switching or p- layer of amorphous silicon (a-Si). The resistance 

elements Tr4H to Tr7H. The selective circuit 44 alternatively elements may also be formed from a combination of an n+ 

selects the connecting terminals of the resistance elements layer, an n- layer, a p+ layer, and a p- layer of p-Si or a-Si. 

R4/i to R7n in response to the digital input D2 and D3. This In other words, the resistance elements in the present inven- 

selective circuit 44 is composed of two-input gate circuits 25 tion should be formed by a non-monocrystalline semicon- 

VSL4 to VSL7 for selecting the switching states of the ductor layer containing an impurity. Among them, an n- 

switching elements Tr4H to Tr7H and Tr4L to Tr7L. layer and a p- layer are particularly advantageous in that 

The second DAC section 42, which is an R-2R ladder type they are capable of making the circuit area smaller since an 

DAC, comprises resistance elements R00, R01, R0, and Rl, impurity layer with low concentration (n- layer and p- 

and switching elements TrOL, TrOH, TrlL, and TrlH. It also 30 layer) has higher resistance than an impurity layer with high 

has as its reference power supplies the terminals VH2 and concentration (n+ layer and p+ layer). In addition, in view of 

VL2 which are the output voltages from the first DAC designing a circuit as a whole, at the same time with taking 

section 41. It outputs digital-to-analog converted signals to into account the view of reducing the circuit, a variety of 

an output terminal 300 in response to digital input signals DO wiring patterns suitable for various specifications can be 

and Dl. The resistance value of the resistance element R01 35 formed by arbitrarily selecting any of the n+, n-, p+, and p- 

is rl, and those of the resistance elements R00, R0, and Rl layer of p-Si or a-Si, and thus freedom in circuit designing 

are twice as large as rl. can be increased. 

There is now described an outline of the operation of the It is also to be understood that although the switching 
DAC having the above construction. The first DAC section elements composing the DAC are n -channel transistors in 
41 basically operates according to the same manner as in the 40 the above-described embodiments, the switching elements 
embodiment shown in FIG. 4. The digital inputs D3 and D2 may be p-channel transistors or combinations of n-channel 
are decoded by the selective circuit 44, then the potentials at transistors and p-channel transistors, 
both connecting terminals of one of the resistance elements Further, although the signal amplifier element 11 is 
R4« to R7w are alternatively selected, then the selected formed on the array substrate in the above-described 
connecting terminal with higher potential is connected to the 45 embodiments, a signal amplifier element as an individual 
terminal VH2 by switching one of the switching elements component may be mounted on the array substrate. 
Tr4H to Tr7H, and the selected connecting terminal with Embodiment 2 
lower potential is connected to the terminal VL2 by switch- 
ing one of the switching elements Tr4L to Tr7L correspond- Embodiment 2 herein has achieved reduced power con- 
ing to the switching element switched on the higher potential 50 sumption in an LCD driver circuit by creating a low power 
side. A desired intermediate potential between the high period, which is a period except a normal operation period 
voltage power supply VH and the low voltage power supply of a DAC, and reducing an electric current consumed in the 
VL is thus generated between the terminal VH2 and the DAC during the low power period. The normal operation 
terminal VL2. period herein is defined as the following (1) or (2). (1) In the 

The second DAC section 42 basically operates according 55 case where the time at which a gate pulse is provided and the 

to the same manner as in the embodiment shown in FIG. 3. time of the change of the output voltage from a driver circuit 

Using as a reference voltage the terminal VH2 and the are almost simultaneous, a normal operation period is a 

terminal VL2 connected to the first DAC section, the switch- period during which the potential of a pixel electrode 

ing elements TrOL, TrOH, TrlL, and TrlH are switched in reaches a desired potential (i.e., a pixel electrode writing 

response to the digital input signals DO and Dl, and one of 60 period). (2) In the case where a source line reaches a desired 

the four potentials equally divided between the terminal potential by the change of the output voltage from a driver 

VH2 and VL2 is alternatively selected and outputted to the circuit and thereafter a gate pulse is provided, a normal 

terminal 300. operation period is a period during which the potential of a 

The driver circuit according to the above construction can source line reaches a desired potential (i.e., a source line 

avoid a relatively large output voltage error caused by the 65 writing period). 

errors of ON resistance of the switching element corre- The source line writ ing period me ansa period required for 

sponding to the more significant bits in the embodiment completely changing the potentials of all the capacitive 
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loads connected to a source line into a desired potential by 
the output voltage from a DAC. The pixel electrode writing 
period means a period required for, first, switching a pixel 
transistor ON by a scan pulse from a gate line, then 
establishing a continuity between the pixel electrode and a 5 
source line, and thereafter completely changing the potential 
of the pixel electrode into a desired potential. 

With reference to FIG. 7, in the case of the aforemen- 
tioned (1), when a gate pulse has the waveform shown in 
FIG. 7(a) and an output voltage from a driver circuit has the 10 
waveform shown in FIG. 1(b), a source line potential and a 
pixel electrode potential are both charged by applying the 
output voltage from the driver circuit as shown in FIG. 7(c). 
The source line potential reaches a desired potential at a time 
tl and the pixel electrode potential reaches a desired poten- 35 
tial at a time t2. In such a charging operation, a source line 
writing period is from the time at which the output voltage 
from the driver circuit is applied, to the lime tl, and a pixel 
electrode writing period is from the time at which the output 
voltage from the driver circuit is applied, to the time t2. In 2 o 
this case, a normal operation period Tl is a period during 
which a pixel electrode reaches a desired potential (a pixel 
electrode writing period). 

In the case of the aforementioned (2), when a gate pulse 
has the waveform shown in FIG. 8(a) and an output voltage 25 
from a driver circuit has the waveform shown in FIG. 8(£>), 
a source line potential is charged and it reaches a desired 
potential at a time t4, as shown in FIG. 8(c). In this case, a 
pixel electrode potential rises by being charged from a time 
t5 and reaches a desired potential at a time t6. In this case, 30 
of FIG. 8, a normal operation period Tl is a period from a 
time t3 to the time t4, during which a source line potential 
reaches a desired potential (a source line writing period). 

It is to be noted that the driver circuits of the embodiments 
which will be described hereinafter are, as well as the driver 35 
circuits of Embodiment 1 described hereinbefore, so-called 
integrated type driver circuits integrally formed on an array 
substrate of an LCD, and therefore the resistance elements 
composing the DACs therein are also formed by the semi- 
conductor layers formed on the array substrate. Now, with 40 
reference to the figures, there is detailed EMBODIMENT 2 
below. 

(Embodiment 2-1) 

FIG. 9 shows the entire construction of an LCD driver 
circuit of Embodiment 2-1 . A liquid crystal panel shown as 45 
an example of Embodiment 2-1 has (n) number of source 
lines and (m) number of gate lines, and three-bit data is 
inputted therein. A driver circuit 108 is an integrated type 
driver circuit integrally formed on an array substrate 100. 
The driver circuit 108 basically comprises a source line so 
timing controller 101. (n) pieces of first latch circuits 102 for 
latching video signals, (n) pieces of second latch circuits 103 
for latching the outputs from the first latch circuits 102, (n) 
pieces of DACs 104, a first switching signal generator circuit 
105 for generating a first switching signal P (see FIG. 12) for 55 
selectively switching two modes, one of the modes being a 
normal operation period Tl and the other mode being a 
remaining period T2 (hereinafter referred to as a 'low power 
period T2*), which is the remaining period of one horizontal 
synchronizing period after the normal operation period Tl is 60 
excluded, and a gate line timing controller 106 for control- 
ling outputs of scanning pulses for GL1 to GL(m). 

FIG. 10 is a timing chart showing the operation of the 
driver circuit. The source line timing controller 101 succes- 
sively outputs latch pulses LP1 to LP(n) to the first latch 65 
circuits 102 according to dot clock signals. A three-bit serial 
digital video signal DI is thereby latched by each first latch 
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circuit 102 successively. When the digital data for one 
horizontal line is thus latched by each of the first latch 
circuits 102, a latch pulse LP is outputted from the source 
line timing controller 101 to each second latch circuit 103, 
and thereby the digital data for one horizontal line is latched 
to each of the second latch circuits 103. The digital data 
latched by each second latch circuit is fed to the DAC 104 
and a driving voltage corresponding to the input digital data 
is outputted to each source line SL1 to SL(n). Meanwhile, 
synchronized with such driving voltages outputted to the 
source lines SL1 to SL(n), a scanning pulse is outputted 
from the gate line timing controller 106 to a gate line GL1 
and thereby the pixel transistors are turned ON, and thus the 
driving voltages are written into the liquid crystal layer. 
Thereafter, the same operation is repeated until it reaches the 
(m)-st line, and a scanning for one field is thereby com- 
pleted. Hence, an image of the video signals for one field is 
displayed. 

It is to be noted that the data DL latched by each of the 
first latch circuits 102 is updated when each latch pulse LP1 
to LP(n) is inputted. This updating of the latched data DL is 
carried out once in each horizontal synchronizing period for 
each first latch circuit 102. In a blanking period, the latest 
data of input video signals for one line is stored in the first 
latch circuits 102. During this blanking period, a common 
latch pulse LP is inputted to the second latch circuits 103, 
and the data DLL is updated so that the data DLL becomes 
the latest data for one line. The input data to the DACs 104 
for driving the source lines are the data DLL latched in the 
latch circuits 103. The data are updated coinciding with the 
time at which the latch pulse LP is inputted to each second 
latch circuit 103, and the same data are fed into the DACs 
104 throughout one horizontal synchronizing period. 

In this embodiment, a normal operation period Tl is a 
portion of one horizontal synchronizing period T, and a low 
power period T2 is defined as a remaining period excluding 
the normal operation period Tl from one horizontal syn- 
chronizing period T. This embodiment is characterized by 
reducing the power consumption of the DACs 104 in this 
low power period T2. More specifically, in prior arts, one 
entire horizontal synchronizing period has been the normal 
operation period. In this embodiment, however, the normal 
operation period Tl is limited to the period during which it 
is essential to keep applying a driving voltage to source 
lines, and it is characterized in that the power consumption 
in the resistance elements in the DACs 104 is reduced in the 
low power period T2. This embodiment thus achieves the 
reduction in power consumption when compared with prior 
arts wherein DACs continue the normal operation through- 
out one entire horizontal synchronizing period T. 

FIG. 11 is a diagram showing the specific circuit con- 
struction of such a DAC, and FIG. 12 is a timing chart 
showing the operation of the DAC. The DAC 104 is a 
voltage potentiometer DAC. This DAC 104 comprises a 
series circuit 13 in which a plurality of resistance elements 
112a to 112g are connected in series, second switches 114a 
to 114/i for selectively outputting the voltages divided by the 
resistance elements 112a to 112g to an output terminal 300 
of the DAC, a signal amplifier element 11 connected 
between the second switches 114a to 114/i and an output 
terminal 116 of the driver circuit, an output switch 119 
connected between the signal amplifier element 11 and the 
output terminal 116, and a decoder 111 for decoding three - 
bit digital input signals DO, Dl, and D2 into eight-bit digital 
signals DDI to DD8. 

One end of the aforementioned series circuit 113 is 
connected to a power supply terminal 118a of a high voltage 
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power supply VH with a first switch 117 interposed 
therebetween, and the other end is connected to a power 
supply terminal 1185 of a low voltage power supply VL. The 
second switches 114a to 114ft are composed of an n-channel 
TFT, and the first switch 117 and the output switch 119 are 
composed of a p-channel TFT. 

The first switching signal generator circuit 105 generates 
a first switching signal P as shown in FIG. 11 from a 
horizontal synchronizing signal inputted therein. The first 
switching signal P comprises a high-level period and low- 
level period, and is so constituted that the low-level period 
becomes identical to the normal operation period Tl and the 
high-level period becomes identical to the low power period 
T2. 

The first switching signal generator circuit 105 outputs the 
first switching signal P to the first switch 117 and the output 
switch 119. The first switch 117 is turned to OFF state in the 
case of the first switching signal P being high-level, and 
turned to ON state in the case of the first switching signal P 
being low-level. As a result, during the normal operation 
period Tl, a power supply voltage (VH-VL) is applied to 
the resistance elements in the DAC 104, while during the 
low power period T2, the power supply voltage applied to 
the DAC 104 is "0". 

The output terminal 116 is connected to a capacitive load 
120. Among the capacitive loads of a source line are 1) a 
capacitance generated in a liquid crystal layer and an insu- 
lation layer whose electrodes are an entire source line and a 
counter substrate, 2) a capacitance generated in an insulation 
layer whose electrodes are a source line and a gate line at the 
intersection of the lines, 3) a capacitance generated in an 
insulation layer whose electrodes are a source line and a 
pixel electrode terminal parallel to the source line, and 4) a 
capacitance retained by a pixel transistor at the intersection 
of a source line and a gate line. The total sum of these 
capacitive loads 1) to 4), is equivalent to the capacitive load 
120. 

Referring now to the timing chart of FIG. 12, there is 
explained the power reduction system of a DAC 104 having 
the above-described construction. During the normal opera- 
tion period Ti, the first switching signal P is low-level and 
thereby the first switch 117 is turned to ON state. As a result, 
the resistance elements of the DAC 104 are connected to the 
power supply terminal 118a and the power supply terminal 
1186, and the electric current I flowing in the resistance 
elements 112a to 112g becomes II in the following Equation 
(1), and at this point, the electric power W consumed in the 
resistance elements 112a to H2g becomes Wl in the fol- 
lowing Equation (2). During this normal operation period 
Tl, the output switch is kept ON state, and thereby the 
output from the signal amplifier element 11 is fed to the 
output terminal 116. The voltage at the output terminal 116 
is determined by one of the second switches 114a to 114ft 
controlled by the digital inputs DDI to DD8, and one 
voltage between the voltage VH and the voltage VL, which 
is the area shown by slanted lines in FIG. 10, is outputted as 
a driving voltage, 

Il~(VH-VL)rLRn Equation (1) 

m^{VH-VL) 2 IUi}\ Equation (2) 

During the low power period T2, the first switch 117 is 
turned to OFF state. The electric current I flowing in the 
resistance elements 112a to H2g thereby becomes "0", and 
the electric power W consumed in the resistance elements 
112a to 112g also becomes "0". Hence, the power consump- 
tion can be reduced during the low power period T2. The 
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voltage at the output terminal 300 is indefinite. In addition, 
during the low power period T2, since the output switch 119 
is turned to OFF state, the potential at the output terminal 
116 is retained by the capacitive load 120. Therefore, the low 

5 power period is not limited to the blanking period in one 
horizontal synchronizing period T, but can include a period 
in which the period necessary to change the voltage of the 
capacitive load 120 is excluded from one horizontal syn- 
chronizing period. 

io In the low power period T2, in the case where the pixel 
transistor is made OFF, the electric charge stored in the 
liquid crystal layer is, primarily, retained. Therefore, there is 
theoretically no need to hold the voltage of the capacitive 
load 120 by making the output switch 119 OFF. However, in 

15 practice, it is unable to completely cut off the liquid crystal 
layer and the source lines, and for that reason, there arises a 
need to retain the voltage of the capacitive load 120 by 
switching off the output switch 119. If the signal amplifier 11 
has such a construction that the output impedance becomes 

20 high when the driving power of the signal amplifier element 
11 is cut off, the output switch 119 can be omitted and the 
voltage retention of the capacitive load 120 can be carried 
out by cutting off the driving power of the signal amplifier 
element 11. However, if the signal amplifier 11 does not 

25 have such a construction that the output impedance becomes 
high when the driving power of the signal amplifier element 
11 is cut off, it is necessary that a voltage variation of the 
capacitive load 120 be prevented by the output switch 119. 
In this embodiment, the electric current I can also be made 

30 "0", by short-circuiting the power supply terminal 118a and 
the power supply terminal 1186. In this case, a rush current 
is generated immediately after the short circuit and some 
electric power is generated. However, if the effect of power 
reduction by creating a low power period outweighs even 

35 with taking into account the power loss by the rush current, 
it is possible to attain the reduction of power consumption by 
short-circuiting the power supplies. 

It is noted that although the first switch 117 is connected 
between the resistance element 112^ and the power supply 

40 terminal 118a in the above example, but it may be connected 
between the resistance element 112a and the power supply 
terminal 1186. 
(Embodiment 2-2) 

FIG. 13 shows the construction of the DAC integrated in 

45 a driver circuit of the embodiment. This Embodiment 2-2 
has a similar construction to the driver circuit of Embodi- 
ment 2-1 , and the same reference characters are used for the 
corresponding parts. For this Embodiment 2-2, the signal 
amplifier 11 and the output 119, both used in Embodiment 

50 2-1, are eliminated, and instead, a storage circuit 121 A and 
a switch 121 are provided. In the storage circuit 121A, a data 
in which digital signals DDI to DD8 are all fixed to be logic 
"0" is stored. The switch 121 is responsive to the first 
switching signal P, and during the normal operation period 

55 Tl, it feeds the digital data DDI to DD8 to the second 
switches 114a to 114ft, and during the low power period T2, 
it feeds the fixed data from the storage circuit 121A to the 
second switches 114a to 114ft in response to the first 
switching signal P. As a result, during the normal operation 

60 period Tl, the second switches 114a to 114/i are controlled 
by the digital data DDI to DD8 from the decoder 111, and 
a desired driving voltage is thereby obtained. During the low 
power period T2, all the second switches 114a to 114ft are 
turned to OFF by the fixed data, resulting in an output 

65 impedance of the DAC being a high impedance, and there- 
fore the potential of the capacitive load 120 is retained. The 
above-described construction, wherein the second switches 
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114a to 114ft are provided in place of the output switch 119 
and have the function of the output switch 119, is also 
capable of preventing a potential variation of the capacitive 
load 120 during the low power period T2. 
(Embodiment 2-3) 

FIG. 14 is a diagram showing the construction of the DAC 
integrated in a driver circuit of Embodiment 2-3, and FIG. 
15 is a timing chart thereof. This Embodiment 2-3 has a 
similar construction to Embodiment 2-1, and the same 
reference characters are used for the corresponding parts. 
For this Embodiment 2-3, a third switch 117Ais employed 
in place of the first switch 117 used in Embodiment 2-1 . This 
third switch 11 7A is composed of an n-channel TFT and a 
p-channcl TFT, and it is a switch for selecting one power 
supply from a power supply terminal 118a of a first high 
voltage power supply VHH and a power supply terminal 
118c of a second high voltage power supply VHL having a 
lower voltage level than the first high voltage power supply 
VHH. The first switching signal P is fed to this third switch 
117A, and the third switch 117A is so constructed that it is 
switched to the power supply terminal 118c when the first 
switching signal P is high-level and switched to the power 
supply terminal 118a when the first switching signal P is 
low-level. 

Now referring to the timing chart of FIG. 15, there is 
explained the power saving system of the DAC having the 
aforementioned construction. During the normal operation 
period Tl of the DAC, the first switching signal P is 
low- level, and thereby the resistance elements in the DAC 
are connected to the power supply terminal 118a and the 
power supply terminal 1186. In this case, the electric current 
I flowing in the resistance elements 112a to 112g becomes 
U shown in the above Equation (1), and the electric power 
W consumed in these resistance elements becomes WI 
shown in the above Equation (2). 

During the normal operation period Tl, the voltage of the 
output terminal 116 is connected to one of the second 
switches 11 4a to H4h controlled by the digital input data 
DDI to DD8, and one of the voltages between the voltage 
VL and the voltage VHH is thereby outputted. 

During the low power period T2, the first switching signal 
P is made to be high-level, and thereby the third switch 117A 
is switched to the power supply terminal 118c. As a result, 
the power supply terminal connected to the resistance ele- 
ment 112g is switched from the terminal 118a to the terminal 
118c. Therefore, the electric current I flowing in the resis- 
tance elements 112a to 112g becomes 12 shown in the 
following Equation (3), and the electric power W consumed 
in the resistance elements 112a to 112g accordingly becomes 
W2 shown in the following Equation (4). Hence, the reduc- 
tion in power consumption during the low power period T2 
can be achieved. 



Il<-(VHL-VL)(2Jbi 



Equation (3) 
Equation (4) 



Furthermore, during the low power period T2, since the 
output switch 119 is turned OFF, the potential of the output 
terminal 116 is retained by the capacitive load 120. 
Therefore, the low power period is not limited to the 
blanking period in one horizontal synchronizing period T, 
but can include a period in which the period necessary to 
change the voltage of the capacitive load 120 is excluded 
from one horizontal synchronizing period. 

Additionally, during the low power period T2, the voltage 
of the output terminal 300 results in one of the voltages 
between VL and VHL. Further, the potentials at each point 



in the DAC become definite. Therefore, Embodiment 2-3 
exhibits such excellent effects that it can reduce a sudden 
increase of a power supply current in re-throwing the power 
supply voltage and signal noises resulting from the sudden 
5 current increase because it is capable of making definite the 
potentials at each point in the DAC, although the amount of 
reduced electric power may not be as much as that of 
Embodiment 2-1. 
(Embodiment 2-4) 
10 FIG. 16 shows the construction of the DAC in Embodi- 
ment 2-4. This Embodiment 2-4 has a similar construction to 
Embodiment 2-3, and the same reference characters are used 
for the corresponding parts. In this Embodiment 2-4, the 
signal amplifier element 11 and the output 119, both used in 
15 Embodiment 2-3, are eliminated, and instead, a storage 
circuit 121 A and a switch 121 are provided. In the storage 
circuit 121A, a data where the digital signals DDI to DD8 
are all fixed to be logic "0" is stored. In response to the first 
switching signal P, during the normal operation period, the 
20 switch 121 feeds the digital data DDI to DD8 to the second 
switches 114a to 114ft, and during the low power period T2, 
the switch 121 feeds the fixed data from the storage circuit 
121 A to the second switches 114a to 114ft. As a result, 
during the normal operation period Tl, the second switches 
114a to 114ft are controlled by the digital data DDI to DD8 
from the decoder 111, and a desired driving voltage is 
thereby obtained. During the low power period T2, all the 
second switches 114a to 114ft are turned OFF by the fixed 
data, making the output impedance of the DAC high, and 
therefore the potential of the capacitive load 120 is retained. 
The above-described construction, wherein the second 
switches 114a to 114ft are provided in place of the output 
switch 119 and have the function of the output switch 119, 
is also capable of preventing a potential variation of the 
capacitive load 120 during the low power period T2. 
(Embodiment 2-5) 

FIG. 17 illustrates the construction of a DAC in Embodi- 
ment 2-5, and FIG. 18 is a timing chart thereof. This DAC 
is an R-2R ladder type digital-to-analog converter circuit 
40 employing two types of resistance elements, one with a 
resistance value R, the other with a resistance value 2R. The 
DAC comprises resistance elements 130a, 1306, 130c, 130^, 
131a, and 1316, fourth switches 132a, 1326, and 132c, and 
a second switching signal generator circuit 133. The fourth 
45 switches 132a, 1326, and 132c are provided for each bit of 
digital input data and alternatively select one connecting 
state between a connecting state to a high voltage power 
supply terminal 118a and a connecting state to a low voltage 
power supply terminal 118c. The second switching signal 
50 generator circuit 133 outputs a second switching signal for 
switching each fourth switch 132a, 1326, and 132c. 

Each resistance value of the resistance elements 130a 
1306, 130c, and 130a* is 2R, while the resistance value of the 
resistance elements 131a and 1316 is R. Each of Ihe fourth 
55 switches 132a, 1326, and 132c is composed of an n-channel 
transistor and a p-channel transistor, and serves to determine 
the output voltage from the DAC. 

The second switching signal generator circuit 133 com- 
prises gates 134a to 134c. The gate 134a comprises an 
60 inverter 135 and a NOR gate 136. The inverter 135 inverts 
a digital input DO and outputs the inverted data. An output 
signal from the inverter 135 and the first switching signal P 
are inputted to the NOR gate 136, and the NOR gate 136 
outputs the second switching signal to the fourth switch 
65 132a. The gate 1346 has a similar construction to the gate 
134a, and it comprises an inverter 137 and a NOR gate 138. 
The inverter 137 inverts a digital input Dl and outputs the 
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inverted data. An output signal from the inverter 137 and the becomes a voltage V2, which is the voltage in the case of 
first switching signal P are inputted to the NOR gate 138, Data 5 (D2: ( T\ Dl: "0", DO: "0"). Since the equivalent 
and the NOR gate 138 outputs the second switching signal circuit of the DAC in the case of Data 5 is the one shown as 
to the fourth switch 132f>. The gate 134c comprises an OR the circuit diagram of FIG. 19, it is understood that the 
gate. A digital input D2 and the first switching signal P are 5 voltage V2 is an median potential between VL and VH. 
inputted to the gate 134c and the gate 134c outputs the According to Table 1, in the case where the input data is 

second switching signal to the fourth switch 132c. Data 1, the electric current becomes "0", and a consumed 

Having the construction as described above, an output electric current thereby becomes the least value. However, 
from the gate 134a is, regardless of whether the digital input the voltage at the output terminal 300 becomes VL, and 
DO is logic "1" or logic "0", fixed at a low level during the 10 therefore, in a transition from the low power period T2 to the 
low power period T2, in which the first switching signal is normal operation period Tl, an average time necessary to 
high-level. Likewise, an output from the gate 1346 is, change the voltage to a desired voltage becomes rather long, 
regardless of whether the digital input Dl is logic "1" or Qn the other hand, as in this embodiment, in the case of 
logic "0", fixed at low level during the low power period T2, employing Data 5 as a fixed data, the electric current can be 
in which the first switching signal is high-level. Further, an 15 ma d c the least value except in the case of the input data 
output from the gate 134c is, regardless of whether the being Data 1, and the potential at the output terminal 300 
digital input D2 is logic "1" or logic "0", fixed at high level results in an approximately median value between VL and 
throughout the low power period T2, in which the first VH. Consequently, it is made possible to shorten the average 
switching signal is high-level. time required for changing the voltage in the transition to the 

By contrast, during the normal operation period Tl, in 2 n normal operation period Tl, and additionally, to reduce a 
which the first switching signal P is low-level, the output consumed power by a voltage variation, 
from each gate 134a to 134c changes according to the logic j t is noted that, in an R-2R ladder type DAC as used in this 
level of the digital inputs DO to D2. Therefore, the fourth embodiment, the electric current at the median level results 
switches 132a to 132c are made to have a switching stale m tne [ east va i uej an d that the same effect can be obtained 
corresponding to the digital input DO to D2 by the second 25 if the number of the input data bits is different from this 
switching signals from the gates 134a to 134c. As a result, example. 

a desired output voltage is applied to an output terminal 116. \ n ^ embodiment too, the low power period can be 

It is to be noted that during the low power period T2, only extended to a period in which the period required for making 
the output from the 134c is high-level, and the outputs from definite the voltage of the capacitive load 120 is excluded 
the gate 134a and the gate 134b are low-level. That is, the 30 f rom one horizontal synchronizing period, 
outputs from the gates 134a to 134c are the identical to an It is to be noted that, although in the example described 

input Data 5 (D2: "1", Dl: "0", DO: "0"), which is described above ^ t he input data is fixed to be Data 5 by which the 
later, in the normal operation period Tl, in which the first electric current results in the smallest value except in the 
switching signal P is low-level. case 0 f rj ata 1, the present invention is not limited thereto. 

In Table i below, there is shown a comparison between 35 The input data may be set to be any input data by which the 
input data and electric currents I flowing in the resistance value of the electric current flowing in the resistance element 
element network. network results in a smaller value than the median electric 

current value between the largest and the smallest. As 
described thus far, the reduction of power consumption can 
be achieved by employing such input data that can result in 
a electric current value smaller than the median electric 
current value, because, when the DAC is driven for a long 
period of time, the power consumption is made smaller than 
the average value. 
(Embodiment 2-6) 

FIG. 20 shows the construction of a DAC integrated in a 
driver circuit of Embodiment 2-6, and FIG. 20 is the timing 
chart thereof. This Embodiment 2-6 has a similar construc- 
tion to Embodiment 2-5, and the same reference characters 
As seen in Table 1, it is in the case of Data 6 (D2: "1", Dl: 50 are used for the corresponding parts. In this Embodiment 
"0**, DO: "0") that the electric current I becomes the least 2-6, a third switching signal generator circuit 133A for 
value except in the case of the input data being "0". generating a third switching signal is employed in place of 

Now referring to the timing chart of FIG. 18, there is the second switching generator circuit 133 used in Embodi- 
explained the power saving system of the DAC having the ment 2-5. This third switching signal generator circuit 133 A 
aforementioned construction. During the normal operation 55 comprises gates 140a to 140c. The gate 140a comprises 
period Tl, the first switching signal P is low- level, the fourth inverters 150 and 151, a NOR gate 152, and an OR gate 153. 
switches 132a to 132c are controlled in accordance with the The inverters 150 and 151 invert a digital input DO and 
input data DO to D2, and the electric current I flowing output the inverted data. An output signal from the inverter 
between the power supply terminal 118a and 1186 becomes 150 and the first switching signal P are inputted to the NOR 
an electric current value between "0" and U corresponding 60 gate 152, and the NOR gate 152 outputs the third switching 
to the input data. The voltage at the output terminal 300 signal to the n-channel TFT of a switch 132a 1 . An output 
becomes a value between VL and VH corresponding to the signal from the inverter 151 and the first switching signal P 
input data. During the low power period, the first switching are inputted to the OR gate 153, and the OR gate 153 outputs 
signal P becomes high-level and masks the gates 134a to the third switching signal to the p-channel transistor of a 
134c, and thereby the fourth switches 132a to 132c are set 65 switch 132d. The gate 1406 comprises inverters 154 and 
so as to result in Data 6. As a result, the electric current I 155, a NOR gate 156, and an OR gate 157. The inverters 154 
becomes 10, and the voltage at the output terminal 300 and 155 invert the digital input Dl and output the inverted 



TABLE 1 


Data No. 


D2 


Dl 


DO 


Current value 


Data 1 


0 


0 


0 


0 


Data 2 


0 


0 


1 


0.328 (VH - VL)/R 


Data 3 


0 


1 


0 


0.3125 (VH - VL)/R 


Data 4 


0 


1 


1 


0.4531 (VH - VL)/R 


Data 5 


1 


0 


0 


0.25 (VH - VL)/R 


Data 6 


3 


0 


1 


0.4533 (VH - VL)/R 


Data 7 


1 


1 


0 


0.3125 (VH - VL)/R 


Data 8 


1 


1 


3 


0.328 (VH - VL)/R 
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data. An output signal from the inverter 154 and the first 
switching signal P are inputted to the NOR gate 156, and the 
NOR gate 156 outputs the third switching signal to the 
n-channel TFT of a switch 132e. An output signal from the 
inverter 155 and the first switching signal P are inputted to 
the OR gate 157, and the OR gate 157 outputs the third 
switching signal to the p-channel transistor of a third switch 
132e. The gate 140c comprises inverters 158 and 159, a 
NOR gate 160, and an OR gate 161. The inverters 158 and 
159 invert the digital input D2 and output the inverted data. 
An output signal from the inverter 158 and the first switch- 
ing signal P are inputted to the NOR gate 160, and the NOR 
gate 160 outputs the third switching signal to the n-channel 
TFT or a switch 132/ An output signal from the inverter 159 
and the first switching signal P are inputted to the OR gate 
161, and the OR gate 161 outputs the third switching signal 
to the p-channel transistor of a switch 132/. 

In this embodiment, as will be described later, controlled 
by the third switching signal generator circuit 133 A, fifth 
switches I32d to 132/ are connected to either a high voltage 
power supply VH or a low voltage power supply VL 
corresponding to the digital input DO to D2 during the 
normal operation period Tl, and a desired driving voltage 
can be thus obtained. 

During the low power period T2, since the first switching 
signal P is high-level, the output from the NOR gate 152 
(which corresponds with the third switching signal) becomes 
low- level regardless of the logic level of the digital input DO. 
Likewise, the output from the OR gate 153 (which corre- 
sponds with the third switching signal) becomes high-level 
regardless of the logic level of the digital input Dl. As a 
result, the filth switch I32d is cut off from both the power 
supplies VH and VL. In a similar manner, the output from 
the NOR gate 156 (which corresponds with the third switch- 
ing signal) is fixed at low level, and the output from the OR 
gate 157 (which corresponds with the third switching signal) 
is fixed at high level. As a result, the fifth switch 132e is cut 
off from both the power supplies VH and VL. Further, the 
output from the NOR gate 160 (which corresponds with the 
third switching signal) is fixed at low level, and the output 
from the OR gate 161 (which corresponds with the third 
switching signal) is fixed at high level. As a result, the fifth 
switch 132/ is cut off from both the power supply VH and 
VL. Thus, the electric current flowing in the resistance 
elements in the DAC results in "0", and the reduction in 
power consumption can be achieved. 

Referring now to the timing chart of FIG. 21, there is 
explained the power saving system of the DAC having the 
above-described construction. During the normal operation 
period Tl, the first switching signal P is low-level, the fifth 
switches 132ei to 132/ are controlled in response to the input 
data DO to D2, and thereby the electric current I flowing in 
the resistance element network becomes an electric current 
value between "0*' and II corresponding to the input data. 
The voltage at the output terminal 300 becomes a voltage 
value between VH and VL corresponding to the input data. 

During the low power period T2, the first switching signal 
P is made to be high-level, and the fifth switches 132d to 
132/ are cut off from both the power supplies VL and VH. 
Therefore no power is supplied to the DAC, and a consumed 
power and a consumed current become "0". The voltage at 
the output terminal 300 becomes indefinite. 

An output terminal 116 is cut off by an output switch 119, 
and thereby the potential at the output terminal 116 is 
retained by the capacitive load 120. 

In this embodiment too, the low power period can be 
extended to a period in which the period required for making 
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definite the voltage of the capacitive load 120 is excluded 
from one horizontal synchronizing period. 
(Embodiment 2-7) 

FIG. 22 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-7, and FIG. 23 is the timing chart 
thereof. This Embodiment 2-7 has a similar construction to 
Embodiment 2-1, and the same reference characters are used 
for the corresponding parts. This Embodiment 2-7 differs 
from Embodiment 2-1 in that the DAC is composed of two 
digital-to-analog converter circuit sections. Now Embodi- 
ment 2-7 is detailed hereinafter. The DAC comprises a first 
DAC section 201 composed of a potentiometer type DAC 
and a second DAC section 202 composed of an R-2R ladder 
type DAC The first DAC section 201 operates in response 
to more significant bits D2 and D3 of digital video input 
data. The second DAC section 202 comprises a first con- 
necting terminal 220a which receives a higher voltage 
output from the first DAC section 201 and a second con- 
necting terminal 2206 which receives a lower voltage output 
from the first DAC section 201. The second DAC section 
202 uses a voltage between the first connecting terminal 
220a and the second connecting terminal 2206, and operates 
in response to lesser significant bits DO and Dl of the digital 
video input data. Hereinafter, the voltage of the first con- 
necting terminal 220a is referred to as VH2 and the voltage 
of the second connecting terminal 2206 is referred to as 
VL2. 

The first DAC section 201 comprises resistance elements 
R4 to R7, a sixth switch TrP, seventh switches Tr4H to Tr7H, 
eighth switches Tr4L to Tr7L, and a selective circuit 203. 
The selective circuit 203 decodes the more significant bits 
D2 and D3, and controls the seventh switches Tr4H to Tr7H 
and the eighth switches Tr4L to Tr7L by the decoded digital 
signals. The aforementioned sixth switch TrP is connected 
between the resistance element R7 and a power supply 
terminal 118a. In response to the first switching signal P, the 
sixth switch TrP is turned to ON state during the normal 
operation period Tl and OFF state during the low power 
period. Each seventh switch Tr4H to Tr7H is respectively 
connected between each connecting point of the resistance 
elements R4 to R7 and the first connecting terminal 220a, 
and each eighth switch Tr4L to Tr7L is respectively con- 
nected between each connecting point of the resistance 
elements R4 to R7 and the second connecting terminal 2206. 
The aforementioned resistance element R01 has a resistance 
value of rl, and the resistance elements R00, R0, and Rl 
have a resistance value of r2. The second DAC section 202 
comprises resistance elements R0, Rl, R00, and R01, and 
ninth switches 204 and 205 for alternatively selecting one 
connecting state between a connecting state to the first 
connecting terminal 220a and a connecting state to the 
second connecting terminal 2206 in response to the lesser 
significant bits DO and Dl. The ninth switch 204 comprises 
a p-channel TFT TrOL and a p-channel TFT TrOH, and the 
ninth switch 205 comprises a p-channel TFT TrlL and a 
p-channel TFT TrlH. 

An electric current I which is consumed in all the resis- 
tance elements in a DAC having such a construction is 
represented by the sum of an electric current II which flows 
in the resistance element R4 to R7 in the first DAC section 
201 and an electric current 12 which flows in the resistance 
elements R0, Rl, R00, and R01 in the second DAC section 
202. That is, 1=11+12. 

In this case, regardless of the input data D2 and D3, the 
electric current 11 is ll=(VH-VL)/(R7+R6+R5+R4). It is 
noted that, for the sake of convenience in illustration, each 
of the resistance values of the resistance elements R4 to R7 
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is represented by R4, R5, R6, and R7, respectively. Now, on 
the other hand, the electric current 12 varies according to the 
input data, as shown in Table 2 below, the minimum value 
being "0" and the maximum value being I2max=0.3125- 
(VH2-VL2)max/rl. 

TABLE 2 



Data No. 


Dl 


DO 


Electric current value 


Data 1 


0 


0 


0 


Data 2 


0 


1 


0.3125 (VH - VL)/R 


Data 3 


1 


0 


0.25 (VH - VL)/R 


Data 4 


1 


1 


0.3125 (VH - VLVR 



The operation of the above-mentioned circuit is now 
detailed now. During the normal operation period Tl, the 
first switching signal P is low-level and the sixth switch TrP 
is turned to ON state. As a consequence, the electric current 
I is set at an electric current value between II and 10 
(I(M1+I2max) corresponding to a logic level of each of the 
input data DO to D3. The potential of the output terminal 300 
becomes a value corresponding to the input data DO to D3 
within the range between VL and VH. 

During the low power period T2, the first switching signal 
P is switched to high level, and the sixth switch TrP is 
thereby turned to OFF state. As a result, the power supply 
VH is cut off, and the electric current I becomes "0", 
achieving the reduction of power consumption during the 
low power period T2. The potential at the output terminal 
300 is indefinite, and the potential of the capacitive load 120 
does not vary because the output switch 119 is turned OFF. 

The reduction in power consumption is thus achieved by 
cutting off the power supply of the first DAC section 201, 
which is a voltage potentiometer type DAC allotted for more 
significant bits. 
(Embodiment 2-8) 

FIG. 24 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-8, and FIG. 25 is the timing chart 
thereof. This Embodiment 2-8 has a similar construction to 
Embodiment 2-7, and the same reference characters are used 
for the corresponding parts. This Embodiment 2-8 employs 
a tenth switch 210 for alternatively selecting either a first 
high voltage power supply VHH or a second high voltage 
power supply VHL having a lower voltage level than the first 
high voltage power supply VHH, in place of the sixth switch 
TrP used in Embodiment 2-7. This tenth switch 210 is 
composed of an n-channel ITT and a p-channel TFT, and the 
first switching signal P is fed to each gate of the n-channel 
TFT and the p-channel TFT. Thereby, in the case of the first 
switching signal P being high-level, i.e. during the low 
power period T2, the second high voltage power supply 
VHL is selected, while in the case of the first switching 
signal P being low- level, i.e., during the normal operation 
period Tl, the first high voltage power supply VHH is 
selected. 

The operation of the DAC having the aforementioned 
construction is explained hereinafter. An electric current I 
consumed in all the resistance elements in the DAC is 
represented by the sum of an electric current 11 which flows 
in the resistance elements in the first DAC section 201 
allotted for the more significant bits and an electric current 
12 which flows in the resistance elements in the second DAC 
section 202 allotted for the lesser significant bits. That is, 
1=11+12. 

During the normal operation period Tl, regardless of the 
input data, the electric current 11 becomes I1=(VHH-VL)/ 
(R7+R6+R5+R4). On the other hand, the electric current 12 
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varies according to the input data, as shown in the above 
Table 2, the minimum value being "0" and the maximum 
value being I2max=0.3125(VHH2-VL2)max/rl, where rl 
is a resistance value of the resistance element R01. 
Therefore, the electric current I varies within the range 
between II and 10 (10=11 +I2m ax). 

During the low power period T2, regardless of the input 
data, the electric current II becomes I1«(VHL-VL)/(R7+ 
R6+R5+R4). I2max also becomes lower since (VH2-VL2) 
max becomes lower. In this case, when UL-(VHL-VL)/ 
(R7+R6+R5+R4) and 10L=UL+12max, the electric current 
II varies within the range between I1L and I0L. Hence, the 
reduction of power consumption during the low power 
period T2 can be achieved. 

During the normal operation period Tl, the voltage at the 
output terminal 300 is a potential between VL and VHH. 
However, during the low power period T2, it becomes a 
potential between VL and VH. For this reason, a source line 
is cut off by making the output switch 119 OFF so that the 
potential of the capacitive load 120 is retained. 

The reduction in power consumption is thus achieved by 
selecting the power supplies of the first DAC section 201, 
which is a voltage potentiometer type DAC allotted for more 
significant bits. 
(Embodiment 2-9) 

FIG. 26 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-9, and FIG, 27 is the timing chart 
thereof. This Embodiment 2-9 has a similar construction to 
Embodiment 2-8, and the same reference characters are used 
for the corresponding parts. In this Embodiment 2-9, the 
switch 210 for switching the power supply used in Embodi- 
ment 2-8 is eliminated. Instead, in the second DAC section 
202, a fourth switching signal generator circuit 211 is 
provided. The fourth switching signal generator circuit 211 
generates a fourth switching signal for controlling switching 
states of ninth switches 204 and 205, and outputs the fourth 
switching signal to the ninth switches 204 and 205. The 
fourth switching signal generator circuit 211 comprises an 
inverter 213, a NOR gate 214, and an OR gate 215. A bit DO 
is inputted to the inverter 213. The output signal from the 
inverter 213 and the first switching signal P are inputted to 
the NOR gate 214, and the NOR gate 214 outputs the fourth 
switching signal to a p-channel TFT TrOL and an n-channel 
TFT TrOH. A bit Dl and the first switching signal P is 
inputted to the OR gale 215, and the OR gate 215 outputs the 
fourth switching signal to a p-channel TFT TrlL and an 
n-channel TFT TrlH. Having such a construction, during the 
normal operation period Tl, the fourth switching signal 
generator circuit 211 outputs the fourth switching signal 
corresponding to digital video input data. By contrast, 
during the low power period T2, it fixes the lesser significant 
bits DO and Dl of the digital video data to be a fixed data 
which results in the second least electric current value 
among the electric current values in the resistance element 
network, and outputs the fixed input data as the fourth 
switching signal. 

The operation of the DAC having the aforementioned 
construction is explained hereinafter. An electric current I 
consumed in all the resistance elements in the DAC is 
represented by the sum of an electric current 11 which flows 
in the resistance elements in the first DAC section 201 and 
an electric current 12 which fiows in the resistance elements 
in the second DAC section 202. That is, Ml +12. 

In this case, regardless of the input data, the electric 
current U is ll=(VH-VL/(R7+R6+R5+R4). On the other 
hand, the electric current 12 varies according to the input 
data, as shown in the above Table 2, the minimum value 
being 0 and the maximum value being I2max=0.3125(VH2- 
VL2)max/rl. 
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During the normal operation period Tl, the electric cur- 
rent I varies within the range between II and 10 (=11+ 
I2max). The potential of the terminal 300 is within the range 
between VL and VH. 

During the low power period T2, the data DO is masked 
to be "0" and the data Dl is masked to be "1". As a result, 
the electric current 12 becomes I2=0.25(VH2-VL2)/rl. 
Naturally, 12 can be made smaller when the both data DO and 
Dl are "0". However, in an R-2R ladder type DAC, the 
electric current becomes the second least when only the data 
Dl is fixed to be "1", and the output voltage can be more 
quickly changed to the desired voltage in a transition to the 
normal operation period Tl by giving a certain potential to 
each contact point in the circuit. It is noted that during the 
low power period T2, the potential of the capacitive load 120 
does not vary since the output switch 119 is turned OFF. 

The reduction of power consumption is thus achieved by 
switching the input data of the second DAC section, which 
is an R-2R ladder type DAC allotted for lesser significant 
bits. 

(Embodiment 2-10) 

FIG. 28 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-10, and FIG. 29 is the timing 
chart thereof. This Embodiment 2-10 has a similar construc- 
tion to Embodiment 2-7, and the same reference characters 
are used for the corresponding parts. In this Embodiment 
2-9, the sixth switch TrP used in Embodiment 2-7 is elimi- 
nated. On the other hand, an eleventh switch TrPH is 
provided between the first connecting terminal 220<2 and an 
input of the second DAC section 202, and a twelfth switch 
TrPL is provided between the second connecting terminal 
220£> and an input of the second DAC section 202. The 
ON/OFF states of the eleventh switch TrPH and the twelfth 
switch TrPL are controlled by the first switching signal P. 

The operation of the DAC having the aforementioned 
construction is explained hereinafter. An electric current I 
consumed in all the resistance elements in the DAC is 
represented by the sum of an electric current II which flows 
in the resistance elements in the first DAC section 201 
allotted for the more significant bits and an electric current 
12 which flows in the resistance elements in the second DAC 
section 202 allotted for the lesser significant bits. That is, 
1=11+12. 

Regardless of the input data, the electric current II is 
I1=(VH-VL)/(R7+R6+R5+R4). On the other hand, the elec- 
tric current 12 varies according to the input data, as shown 
in the above Table 2, the minimum value being "0" and the 
maximum value being I2max«*0.3125(VH2-VL2)max/rl in 
the case of two-bit data. 

During the normal operation period Tl, the electric cur- 
rent I varies within the range between 11 and 10 (=11+ 
I2max). During the low power period T2, the eleventh 
switch TrPH and the twelfth switch are turned OFF, and the 
electric current 12 thereby results in I2«0, and consequently 
the electric current I becomes Ml. 

The potential of the terminal 300 is within the range 
between VL and VH during the normal operation period Tl, 
and it becomes indefinite during the low power period T2. 
The potential of the capacitive load 120 does not vary during 
the low power period T2 since the output switch 119 is 
turened OFF. 

Hie reduction of power consumption is thus achieved by 
cutting off the power supply of the second DAC section, 
which is an R-2R ladder type DAC allotted for lesser 
significant bits. 
(Embodiment 2-11) 

FIG. 30 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-11, and FIG. 31 is the timing 
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chart thereof. This Embodiment 2-10 has a similar construc- 
tion to Embodiment 2-9, and the same reference characters 
are used for the corresponding parts. In this Embodiment 
2-11, two high voltage power supplies, a first high voltage 
power supply VHH and a second high voltage power supply 
VHL are employed in place of the high voltage power 
supply VH used in Embodiment 2-9. The second high 
voltage power supply VHL has a lower voltage level than the 
first high voltage power supply VHH. In addition, a tenth 
switch 210 is provided for selecting one power supply 
between the power supplies VHH and VHL. 

The operation of the DAC having the aforementioned 
construction is explained hereinafter. An electric current I 
consumed in all the resistance elements in the DAC is 
represented by the sum of an electric current II which flows 
in the resistance elements in the first DAC section 201 
allotted for the more significant bits and an electric current 
12 which flows in the resistance elements in the second DAC 
section 202 allotted for the lesser significant bits. That is, 
1=11+12. 

During the normal operation period Tl, the electric cur- 
rent 11 is U-(VHH-VL)/(R7+R6+R5+R4) regardless of the 
input data. On the other hand, the electric current 12 varies 
according to the input data, as shown in the above Table 2, 
the minimum value being "0" and the maximum value being 
I2max-0.3125(VH2-VL2)max/rl. Consequently, the elec- 
tric current I varies within the range between 11 and 10(- 
Il+I2max). 

During the low power period T2, the power supply VHH 
is switched to the power supply VHL, and the electric 
current II becomes I1-(VHL-VL)/(R7+R6+R5+R4). In 
addition, during the low power period 12, a data DO is 
masked to be "0" and a data Dl is masked to be "1", and 
therefore the electric current 12 becomes I2-0.25 (VH2- 
VL2)/rl, As a result, the electric current I becomes smaller 
than that in the normal operation period Tl. As in Embodi- 
ment 2-7, the data can be masked by selecting a logic. 
During the low power period T2, the potential of the 
capacitive load 120 does not vary since the output switch 
119 is turned OFF. 

The reduction of power consumption is thus achieved by 
selecting the power supplies of the first DAC section allotted 
for more significant bits, which is a voltage potentiometer 
type DAC, and by switching the input data of the second 
DAC section allotted for lesser significant bits, which is an 
R-2R ladder type DAC. 
(Embodiment 2-12) 

FIG. 32 is a circuit diagram showing the construction of 
the DAC of Embodiment 2-12, and FIG. 33 is the timing 
chart thereof. This Embodiment 2-12 has a similar construc- 
tion to Embodiment 2-8, and the same reference characters 
are used for the corresponding parts. This Embodiment 2-12 
differs from Embodiment 2-8 in that an eleventh connecting 
terminal 220a and a twelfth connecting terminal 220f> are 
provided. 

The operation of the DAC with the aforementioned con- 
struction is explained hereinafter. An electric current 1 
consumed in all the resistance elements in the DAC is 
represented by the sum of an electric current II which flows 
in the resistance elements in the first DAC section 201 
allotted for the more significant bits and an electric current 
12 which flows in the resistance elements in the second DAC 
section 202 allotted for the lesser significant bits. That is, 
1=11+12. 

During the normal operation period Tl, the electric cur- 
rent II is ll»(VHH- VL)/(R7+R6+R5+R4) regardless of the 
input data. On the other hand, the electric current 12 varies 
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according to the input data, as shown in the above Table 2, 
the minimum value being "0" and the maximum value being 
I2max=0.3125(VH2-VL2)max/rl. Consequently, the elec- 
tric current I varies within the range between II and 10 
(»I1+I2max). 

During the low power period T2, the power supply VHH 
is switched to the power supply VHL, and the electric 
current II becomes I1=(VHL-VL)/(R7+R6+R5+R4). In 
addition, the switches TrPH and TrPL are turned OFF, and 
thereby the electric current 12 becomes "0". 

The potential of the terminal 300 is within the range 
between VLand VH during the normal operation period Tl, 
and becomes indefinite during the low power period T2. The 
potential of the capacitive load 120 does not vary during the 
low power period T2 since the output switch 119 is turned 
OFF. 

The reduction of power consumption is thus achieved by : _ 
selecting the power supplies of the first DAC section allotted ~ 



10 



polarity inversion of the source line voltage depends on a 
capacity and resistance of the source line, but generally, it 
tends to be longer as the size and resolution of the LCD 
increases. If the polarity inversion of the source line voltage 
is carried out simultaneously with a writing of video dala, a 
shortage of the writing of video data will be brought about 
in the case where the capacitance and resistance of the 
source line increases and thereby the time required for the 
polarity inversion is made longer. 

In view of this, prior tor the venting of video" data, the 
polarity inversion of^he^sjour^^lme^As^cagri 
utiiizlipn^^ of "a" pixel switch 

transistor foRvdrivj^ is turned OFF, 

generally durin^thef.blarikin^' 'period o^Jh^hgjjgggl^sy 11 " 



15 chronizing*period. S uch an ^e ^x tiS^^^^^^jtc^hAXR^sr^ 
^I ^ njfeftth^p^^ , Icfcrtain^^ltag^with^ an 

lBvc^^ ^hg? sduree»line , - J 



for more significant bits, which is a voltage potentiometer^^ 

type DAC, and by cutting off the power supply of the second *20 switching signal in the PA^^niSrSlevel and thereby sw 
DAC section allotted for lesser significant bits, which is an 
R-2R ladder type DAC. 
(Embodiment 2- 1 3^ 

FIG. 34-sho^siuTeBSj^^ 

'it^^^^^i^^S^^^^^^^ll^M! ^S^Ei^ '. 35 is" the 
timing cbart^ 

. supplyttermuffi each DAC. These* 

DACs have a similar construction to the one shown in 
Embodiment 2-5. More specifically, a fifth switching signal 
generator circuit is provided in place of the first switching 
signal generator circuit 105. The fifth switching signal 
generator circuit receives a horizontal synchronizing signal 
and generates a fifth switching signal for selecting between 
a precharge period mode, which is for a p recharge to be 
carried out prior to writing a video data to a source line, and 
a remaining period mode, which is a period except the 
precharge period. In addition, a sixth switching signal gen- 
erator circuit is provided in place of the second switching 
signal generator circuit for controlling the switching states 
of a group of the previously- mentioned fourth switches. The 
sixth switching signal generator circuit generates a sixth 
switching signal for controlling switching states of the 
fourth switches, and outputs the sixth switching signal to the 
fourth switches. The sixth switching signal generator circuit 
receives digital video data and the fifth switching signal 
from the above-mentioned fifth switching signal generator 
circuit, and during the above-mentioned remaining period, it 
outputs the sixth switching signal corresponding to the 
digital video data. During the above-mentioned precharge 
period, it fixes the input data to be any one of the data by 
which a value of the electric current flowing in the resistance 
element network results in a smaller value than the median 
electric current value between the largest and the smallest, 
and outputs the fixed input data as the sixth switching signal. 
As a result, during the low power period T2, a voltage V2 
which is determined by the data which is masked by the fifth 
switching signal is output ted. It is noted that the output 
switch 119 is eliminated in this embodiment. Therefore, 
during the low power period T2, the voltage V2 is written to 
the source line SL as a precharge voltage. 

In such an active matrix liquid crystal panel, it is neces- 
sary that a polarity of a source line voltage be inverted in a 
certain periodic cycle in order to apply an alternating voltage 
to the liquid crystal elements. The time required for this 



fifth 

tching signal in the^A^hi^fi?le^llira*m^feby switch- 
ing over to the low power period. As a result, the improve- 
ment of image quality as well as the reduction of power 
consumption can be achieved at a time. 

In the above example, although this embodiment is 
applied to the DAC in Embodiment 2-5, this embodiment is 
not limited thereto and can be suitably applied to the other 
embodiments. 
(Embodiment 2-14) 

| FIG. 36 illustrates the construction of a driver circuit of 
Embodiment 2-14. This Embodiment 2-14 has a similar 
construction to Embodiment 2-1, and the same reference 
characters are used for the corresponding parts. In this 
Embodiment 2-14, a first switching signal generator circuit 
105 A is employed in place of the first switching signal 
35 generator circuit 105 used in Embodiment 2-1. As shown in 
FIG, 37, this first switching signal generator circuit 105A 
comprises a delay circuit 315 and an AND gate 316. The 
delay circuit 315 receives a horizontal synchronizing signal 
and delays the horizontal synchronizing signal for a prede- 
40 termined delay time. The AND gate 316 outputs a first 
switching signal P when it obtains an AND condition of an 
output from the delay circuit 315 and the horizontal syn- 
chronizing signal. The delay circuit 315 comprises an inte- 
grator circuit 319, and inverters 320a and 3206. The inte- 
45 grator circuit comprises a resistance element 317 that is 
formed by the impurity-containing semiconductor layer on 
the array substrate, and a capacitance element 318 that is 
formed by the insulation layer on the array substrate. The 
inverters 320a and 3206 are composed of a TFT on the array 
so substrate. The AND gate 316 is also composed of a TFT on 
the array substrate. 

Referring now to the liming chart of FIG. 38, there is 
detailed the workings of input signals in the first switching 
signal generator circuit 105A having such a construction. 
55 When a horizontal synchronizing signal inputted to an input 
terminal 321 turns to high level, an output level of the 
integrator circuit 319, which is composed of the resistance 
element 317 and capacitance element 318, ascends in accor- 
dance with a time constant determined by the resistance 
60 element 317 and capacitance element 318. Thereupon, when 
the output level of the integrator circuit 319 reaches a 
threshold voltage of the inverter 320a, an output of the 
inverter 320a turns from high level to low level. An output 
of the inverter 320b thereby turns from low level to high 
65 level. Thereafter, when the horizontal synchronizing signal 
turns to low level, the output level of the integrator circuit 
319 descends in accordance with the time constant deter- 
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mined by the resistance element 317 and capacitance ele- case, the first switching signal generator circuit 105A auto- 

ment 318. Thereupon, when the output of the integrator matically adjusts the length of a high level period of the first 

circuit 319 reaches the threshold voltage of the inverter switching signal P most suitably to meet those requirements. 

320a, the output of the inverter 320a turns from low level to Hence, it is made possible to automatically adjust the power 
high level, and thereby the output of the inverter 320fc turns s consumption optimally at any time, regardless of the preci- 

from high level to low level As a consequence, the output s ^ on °f tne resistance elements, by constructing the integra- 

of the inverter 3206 is delayed for a time TD determined by tor circuit by the resistance element formed on the same 

a time constant of the integrator circuit 319. Thus, a signal arra y SUDStra te as the resistance elements in the DAC are 

in which the horizontal synchronizing signal and the output formed. 

of the inverter 3206, which is a delayed horizontal synchro- 10 Now ^ efiect of the first switchin g signal generator 

nizing signal, are ANDed together, is outputted from the cir ™ 11 l? 5 ^f ^er detailed below. 

AND gate 316 as a first switching signal. J The high level period of the first switching signal is 

The delay time TD is the total of each delay time in the ***** ? a& a P , en ° d the noT ™ 1 . 0 P er *! ion P eriod 

integrator circuit 319 and the inverters 320a and 3206. Z^TS, ^ V, P f Vi^ a ^a^a 

u nwpV(ir .u^n^m^^^n,'^ a 1 • *u • * , completely change a potential of a pixel electrode is added 

dZn Q ThTv? Th ^ ™ m 01 15 t0 a P eriod 10 completely change a potential of a capacitive 

circui 319 a delay time in the myerters 320a and 3206 is so load ^^a l0 a ^ line | L ^ ^ ^ of one 

small that it is negligible. Therefore, only the delay time in horizontal synchronizing period). The resistance value of the 

the integrator circuit 319 should be taken into consideration. resistance element 317 is determined so that the period 

That is, the circuit should be arranged so that the delay by except the normal operation period equals to the high level 

the integrator circuit 319 is dominant. Specifically, the 20 period of the first switching signal. However, in practice, 

capacitance value C should be set far smaller than the there occurs an error in the resistance value. This error 

resistance value R of the resistance element 317. Therefore, brings about such adverse effects that a shortage of charging 

it is considered that the time constant of the integrator circuit to the source line SL causes the deterioration of display 

319 is determined by the resistance value R of the resistance characteristics and that a desired amount of power consump- 

element 317, and thereby the delay time can be determined 25 tion cannot be obtained, since the length of the high level 

by the resistance value R of the resistance element 317. period of the first switching signal P results in a different 

Hence, when the resistance element 317 has a large resis- length from a predetermined length. However, according to 

tance value, the first switching signal P results in a waveform this embodiment, since the first switching signal generator 

shown by the solid line in FIG. 38, and accordingly the delay circuit 105A has such a construction as described above, it 

time of the horizontal synchronizing signal becomes long as 30 is made possible to avoid the above-mentioned adverse 

shown by the reference character TDRH. On the other hand, effects as well as the shortage of the charging to the source 

when the resistance element 317 has a small resistance line SL, and thus an optimization of power consumption can 

value, the first switching signal P results in a waveform as be achieved. 

shown by the dashed line in FIG. 38, and accordingly the For instance, in the case of a resistance value of each 

delay time of the horizontal synchronizing signal becomes 35 resistance element in the DAC being larger than a predeter- 

short as shown by the reference character TDRL. It is noted mined resistance value, a resistance value of the resistance 

that the length of the low power period also changes element 317 is also larger than the predetermined value. On 

correspondingly, as illustrated in the following. When the the other hand, in the case of the resistance value of each 

resistance element 317 has a large resistance value, the low resistance element in the DAC being smaller than the 

power period accordingly becomes short as shown by the 40 predetermined resistance value, the resistance value of the 

reference character TRH, and conversely, when the resis- resistance element 317 is also smaller than the predeter- 

tance element 317 has a small resistance value, the low mined value. The reason is that it is considered that the same 

power period accordingly becomes long as shown by the degree of error will occur to both of the resistance elements 

reference character TRL. since they are both formed by the impurity-containing 

In the case where the resistance elements on the array 45 semiconductor layer on the same array substrate, 

substrate have a large resistance value, the electric current in In addition, in the case where a resistance value is larger 

the DAC is small and thereby a time for charging a capaci- than a predetermined value, an electric current flowing in the 

tive load 120, which is connected to a source line SL via an resistance elements of the DACs is made smaller during the 

output terminal 116, becomes long. Therefore, in this case, normal operation period. As a result, the potential of the 

it is preferable that the low power period T2 be relatively 50 source line SL cannot be changed to a desired potential 

short. Even if the low power period T2 is short (i.e., the unless the high level period of the first switching signal P is 

normal operation period Tl is long), the power consumption precisely adjusted according to the resistance elements, and 

in the normal operation period Tl is still reduced since the therefore, the deterioration of display characteristics will be 

resistance elements have a high resistance value. Hence, no incurred. However, according to this embodiment, a precise 

adverse effect will be caused in the reduction of power 55 adjustment of the high level period (i.e., the low power 

consumption. On the other hand, in the case where the period) of the first switching signal P can be achieved by 

resistance elements on the array substrate have a small constructing the first switching signal generator circuit 105A 

resistance value, the current in the DAC is large, and in accordance with the construction shown in FIG. 37. 

therefore the time required for charging a source lines SL Thereby, the high level period becomes shorter than the 

becomes short. Therefore, in this case, it is preferable that 60 original length, and accordingly, the normal operation period 

the low power period T2 be relatively long. As has been Tl becomes longer. Therefore, it is made possible to change 

described, there arises a necessity to change lengths of the the potential of the source line to a desired potential, and as 

normal operation period Tl and the low power period T2 a result to prevent the deterioration of display characteris- 

corresponding to a resistance value of the resistance ele- tics. It is noted that although the low power period is made 

ments on the array substrate, in order to meet two 65 shorter, the power consumption is practically not increased 

requirements, one being the charge of the source line and the since the electric current in the normal operation period is 

other being the reduction in power consumption. In such a reduced. 
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On the other hand, in the case where the resistance value DAC is basically identical to Embodiment 2-5. As well as 

is smaller than a predetermined value, the current flowing in Embodiment 2-14, this Embodiment 2-1 6 makes it possible 

the resistance elements in the DAC is made larger during the to compensate the variation of power consumption caused 

normal operation period. As a result, the power required for by the resistance value variation of the resistance elements 

a normal operation is consumed even after the potential of 5 i» 'each manufactured array substrate wimout relymg on an 

the source tine SL is changed to the desired potential, unless adjustment by externa cucuits and therefore easily 

Z Mgh level period of the first switching signal P is ach.eves the simplification of external arcmts and the 

, ^ j .I i tc . u - optimization of power consumption, 

precisely adjusted according to the resistance elements. It is Embodiment 2-17) 

a waste of power consumption when considered from the p[G ^ show£ , the construction of a DAC in Embodiment 

viewpoint of the reduction in power consumption. However, 10 2 _ n ^ Embodimenl 2 -i7 has a similar construction to 

according to this embodiment, a precise adjustment of the Embodiment 2-6, and the same reference characters are used 

high level period (i.e., the low power period) of the first for the correS ponding parts. In this Embodiment 2-17, the 

switching signal P can be achieved by constructing the first first sw i tc hing signal generator circuit 105A is employed in 

switching signal generator circuit 105 A in accordance with pj acc Q f me fi rst switching signal generator circuit 105 

the construction shown in FIG. 37, and thereby the high 15 employed in Embodiment 2-6. 

level period is made longer (i.e., the normal operation period FIG. 45 is the timing chart showing the operations of the 

is made shorter) than the original length. The waste of power driver circuit. Although this Embodiment 2-17 differs from 

consumption can be thus avoided. Embodiment 2-6 in that the first switching signal P is 

Hence, according to this embodiment, a variation of generated from the horizontal synchronizing signal, the 

power consumption caused by a resistance value variation of 20 operation of the DAC is basically identical to Embodiment 

the resistance elements in each manufactured array substrate 2-6. As well as Embodiment 2-14, this Embodiment 2-17 

can be compensated without relying on an adjustment by makes it possible to compensate the variation of power 

external circuits, and therefore the simplification of external consumption caused by the resistance value variation of the 

circuits and the optimization of power consumption are resistance elements in each manufactured array substrate 

easily achieved. 25 without relying on an adjustment by external circuits, and 

It is noted that, although an insulation layer on the array therefore easily achieves the simplification of external cir- 

substrate is utilized for the capacitance element in this cuits and the optimization of power consumption, 

embodiment, a generally available capacitor component (Embodiment 2-18) 

may be used for the capacitance element. FIG. 46 shows the construction of a DAC in Embodiment 

FIG. 39 is the timing chart showing the operation of the 30 2-18. This Embodiment 2-18 has a similar construction to 

DAC in Embodiment 2-14. Although this Embodiment 2-14 Embodiment 2-7, and the same reference characters are used 

differs from Embodiment 2-1 in that the first switching for the corresponding parts. In this Embodiment 2-17, the 

signal P is generated from the horizontal synchronizing first switching signal generator circuit 105 A is employed in 

signal, the operation of the DAC is basically identical to place of the first switching signal generator circuit 105 

Embodiment 2-1. 35 employed in Embodiment 2-7. 

(Embodiment 2-15) FIG * 47 is the liming chart showing the operations oi the 

FIG. 40 shows the construction of a DAC in Embodiment driver circuit. Although this Embodiment 2-17 differs from 

2-15. This Embodiment 2-15 has a similar construction to Embodiment 2-7 in that the first switching signal P is 

Embodiment 2-3, and the same reference characters are used generated from the horizontal synchronizing signal, the 

for the corresponding parts. In this Embodiment 2-15, the 40 operation of the DAC is basically identical to Embodiment 

first switching signal generator circuit 105Ais employed in 2-7. As well as Embodiment 2-14, this Embodimenl 2-18 

place of the first switching signal generator circuit 105 makes it possible to compensate the variation of power 

employed in Embodimenl 2-3. consumption caused by the resistance value variation of the 

FIG. 41 is the timing chart showing the operations of the resistance elements in each manufactured array substrate 

driver circuit. Although this Embodiment 2-15 differs from 45 wilhout relying on an adjustment by external circuits, and 

Embodiment 2-3 in that the first switching signal P is therefore easily achieves the simplification of external cir- 

generated from the horizontal synchronizing signal, the cuits and the optimization of power consumption, 

operation of the DAC is basically identical to Embodiment (Embodiment 2-19) 

2-3. As well as Embodiment 2-14, this Embodiment 2-15 FIG. 48 shows the construction of a driver circuit in 

makes it possible to compensate the variation of power 50 Embodiment 2-19. This Embodiment 2-19 has a similar 

consumption caused by the resistance value variation of the construction to Embodiment 2-8, and the same reference 

resistance elements in each manufactured array substrate characters are used for the corresponding parts. In this 

without relying on an adjustment by external circuits, and Embodiment 2-19, the first switching signal generator cir- 

therefore easily achieves the simplification of external cir- cuit 105A is employed in place of the first switching signal 

cuits and the optimization of power consumption. 55 generator circuit 105 employed in Embodiment 2-8. 

(Embodiment 2-16) F IG - 49 is the timin g chart s h° win g tne operations of the 

FIG. 42 shows the construction of a DAC in Embodiment DAC. Although this Embodiment 2-19 differs from Embodi- 

2-16. This Embodiment 2-16 has a similar construction to ment 2-8 in that the first switching signal P is generated from 

Embodiment 2-5, and the same reference characters are used the horizontal synchronizing signal, the operation of the 

for the corresponding parts. In this Embodiment 2-16, the 60 DAC is basically identical to Embodiment 2-8. As well as 

first switching signal generator circuit 105A is employed in Embodiment 2-14, this Embodiment 2-19 makes it possible 

place of the first switching signal generator circuit 105 to compensate the variation of power consumption caused 

employed in Embodimenl 2-5. by the resistance value variation of the resistance elements 

FIG. 43 is the timing chart showing the operations of the in each manufactured array substrate without relying on an 

DAC. Although this Embodiment 2-15 differs from Enibodi- 65 adjustment by external circuits and therefore easily achieves 

ment 2-5 in that the first switching signal P is generated from the simplification of external circuits and the optimization of 

the horizontal synchronizing signal, the operation of the power consumption. 
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FIG. 57 is the timing chart showing the operations of the 
DAC. Although this Embodiment 2-23 differs from Embodi- 
ment 2-12 in that the first switching signal P is generated 
from the horizontal synchronizing signal, the operation of 
5 the DAC is basically identical lo Embodiment 2-12. As well 
as Embodiment 2-14, this Embodiment 2-23 makes it pos- 
sible to compensate the variation of power consumption 
caused by the resistance value variation of the resistance 
elements in each manufactured array substrate without rely- 
10 ing on an adjustment by external circuits, and therefore 
easily achieves the simplification of external circuits and the 
optimization of power consumption, 
(Embodiment 2-24) 

FIG, 58 is a circuit diagram showing the construction of 



(Embodiment 2-20) 

FIG. 50 shows the construction of a DAC in Embodiment 
2-20. This Embodiment 2-20 has a similar construction to 
Embodiment 2-9, and the same reference characters are used 
for the corresponding parts. In this Embodiment 2-20, the 
first switching signal generator circuit 105A is employed in 
place of the first switching signal generator circuit 105 
employed in Embodiment 2-9. 

FIG. 51 is the timing chart showing the operations of the 
DAC. Although this Embodiment 2-20 differs from Embodi- 
ment 2-9 in that the first switching signal P is generated from 
the horizontal synchronizing signal, the operation of the 
DAC is basically identical to Embodiment 2-9. As well as 
Embodiment 2-14, this Embodiment 2-20 makes it possible 

to compensate the variation of power consumption caused - . . 1A D , 

by the resistance value variation of the resistance elements « another first switching SLgnai generator circui 105B, and 
in each manufactured array substrate without relying on an HG. 59 is the timing chart showing the operation thereof. 

- - - This first switching signal generator circuit 1056 receives an 

inverted horizontal synchronizing signal, which has an 
inverted polarity to a horizontal synchronizing signal, and 
20 generates a first switching signal P. It is noted that in the 
DACs utilizing this first switching signal generator circuit 
105B, the inverted horizontal synchronizing signals are used 
in place of the horizontal synchronizing signals, and accord- 
ingly the first switching signal generator circuit 105B is 
the first switching signal generator circuit lOSAis employed 25 used. This first switching signal generator circuit 105B has 
in place of the first switching signal generator circuit 105 a similar construction to the first switching signal generator 
employed in Embodiment 2-10. circuit 105A, and the same reference characters are used for 

HG. 53 is the timing chart showing the operations of the the corresponding parts. The first switching signal generator 
DAC. Although this Embodiment 2-21 differs from Embodi- circuit 105B differs from the first switching signal generator 
ment 2-10 in that the first switching signal P is generated 30 circuit 105A in that a NOR gate 400 is provided in place of 
from the horizontal synchronizing signal, the operation of the AND gate 316. 

the DAC is basically identical to Embodiment 2-10. As well Referring now to the timing chart of FIG. 55, there is 
as Embodiment 2-14, this Embodiment 2-21 makes it pos- explained hereinafter the workings of input signals in the 
sible to compensate the variation of power consumption first switching signal generator circuit 105B having such a 
caused by the resistance value variation of the resistance 35 construction. When a horizontal synchronizing signal input 
elements in each manufactured array substrate without rely- * ' ' u.„u 

ing on an adjustment by external circuits, and therefore 
easily achieves the simplification of external circuits and the 
optimization of power consumption, 

40 



adjustment by external circuits, and therefore easily 
achieves the simplification of external circuits and the 
optimization of power consumption. 
(Embodiment 2-21) 

HG. 52 shows the construction of a DAC in Embodiment 
2-21. This Embodiment 2-21 has a similar construction to 
Embodiment 2-10, and the same reference characters are 
used for the corresponding parts. In this Embodiment 2-21, 



(Embodiment 2-22) 

FIG. 54 shows the construction of a DAC in Embodiment 
2-22. This Embodiment 2-22 has a similar construction to 
Embodiment 2-11, and the same reference characters are 
used for the corresponding parts. In this Embodiment 2-22, 



ted to an input terminal 321 turns to high level, an output 
level of an integrator circuit 319, which is composed of a 
resistance element 317 and capacitance element 318, 
ascends in accordance with a time constant set by the 
resistance element 317 and capacitance element 318. 
Thereupon, when the output level of the integrator circuit 
319 reaches a threshold voltage of the inverter 320a, an 
output of the inverter 320a turns from high level to low 
level. An output of the inverter 320i? thereby turns from low 



the first switching signal generator circuit lOSAis employed 45 level to high level. Thereafter, when the horizontal synchro- 
in place of the first switching signal generator circuit 105 nizing signal turns to low level, the output level of the 
employed in Embodiment 2-11. integrator circuit 319 descends in accordance with the time 

FIG. 55 is the timing chart showing the operations of the constant determined by the resistance element 317 and 
DAC, Although this Embodiment 2-22 differs from Embodi- capacitance element 318. Thereupon, when the output of the 
ment 2-11 in that the first switching signal P is generated 50 integrator circuit 319 reaches the threshold voltage of the 
from the horizontal synchronizing signal, the operation of inverter 320a, the output of the inverter 320a turns from low 
the DAC is basically identical to Embodiment 2-11. As well level to high level, and thereby the output of the inverter 
as Embodiment 2-14, this Embodiment 2-22 makes it pos- 320fc turns from high level to low level. As a consequence, 
sible to compensate the variation of power consumption the output of the inverter 3206 is delayed for a time TD 
caused by the resistance value variation of the resistance 55 determined by a time constant of the integrator circuit 319, 
elements in each manufactured array substrate without rely- as shown in FIG. 59. Thus, an inverted signal of a logical 
ing on an adjustment by external circuits, and therefore sum of the inverted horizontal synchronizing signal and the 
easily achieves the simplification of external circuits and the output of the inverter 320/?, which is a delayed inverted 
optimization of power consumption. horizontal synchronizing signal, is outputted from the NOR 

60 gate 400 as the first switching signal. 

In this first switching signal generator circuit 105B, the 
first switching signal P is delayed by the R-C integrator 
circuit 319. Therefore, as seen in the first switching signal 
generator circuit 105A, when the resistance element 317 has 
the first switching signal generator circuit 105 A is employed 65 a large resistance value, the first switching signal P results in 
in place of the first switching signal generator circuit 105 a waveform shown by the solid line in FIG. 59, and 
employed in Embodiment 2-12. accordingly the delay time of the horizontal synchronizing 



(Embodiment 2-23) 

FIG. 56 shows the construction of a DAC in Embodiment 
2-23. This Embodiment 2-23 has a similar construction to 
Embodiment 2-12, and the same reference characters are 
used for the corresponding parts. In this Embodiment 2-23 
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signal becomes long as shown by the reference character 
TDRH. On the other hand, when the resistance element 317 
has a small resistance value, the first switching signal P 
results in a waveform as shown by the dashed line in FIG. 
59, and accordingly the delay time of the horizontal syn- 
chronizing signal becomes short as shown by the reference 
character TDRL. It is noted that the length of the low power 
period also changes correspondingly, as illustrated in the 
following. When the resistance element 317 has a large 
resistance value, the low power period accordingly becomes 
short as shown by the reference character TRH, and 
conversely, when the resistance element 317 has a small 
resistance value, the low power period accordingly becomes 
long as shown by the reference character TRL. Hence, the 
optimization of power consumption can be also achieved by 
employing the first switching signal generator circuit 105B 
having such a construction. 

It is noted that, in place of the circuit construction of FIG. 
58, it is also possible to employ a circuit construction in 
which an inverter for inverting an inverted horizontal syn- 
chronizing signal is provided and the first switching signal 
generator circuit 105A is connected to the inverter succeed- 
ingly. 

(Embodiment 2-25) 

FIG. 60 is a circuit diagram showing the construction of 
further another first switching signal generator circuit 105C. 
This first switching signal generator circuit 105C has a 
similar construction to the first switching signal generator 
circuit 105, and the same reference characters are used for 
the corresponding parts. In this first switching signal gen- 
erator circuit 105 C, an integrator circuit 3 19 C is employed 
in place of the integrator circuit 319 employed in the first 
switching signal generator circuit 105. This integrator circuit 
31 9C comprises a resistance element 317 and four capaci- 
tance elements 500a, 5006, 500c, and 5004. These capaci- 
tance elements are composed of the capacitive load 120. The 
capacitance element 500a is a capacitance generated in a 
liquid crystal layer and insulation layer whose electrodes are 
an entire source line and a counter substrate. The capaci- 
tance element 5006 is a capacitance generated in an insu- 
lation layer whose electrodes are a source line and a gate line 
at the intersection of these lines. The capacitance element 
500c is a capacitance generated in an insulation layer whose 
electrodes are a source line and a pixel electrode terminal 
parallel to the source line. The capacitance element 5004 is 
a capacitance retained by a pixel transistor at the intersection 
of a source line and a gate line. The normal operation period 
Tl is further optimized by forming the capacitance elements 
500a to 500d by the capacitive load 120. Hie reason is 
explained in detail hereinafter. 

The normal operation period is determined by a driving 
ability of a driver circuit and the degree of an output load. 
The driving ability of a driver circuit entirely depends on the 
resistance value of the resistance elements composing the 
DAC. The degree of the output load is, seen from the driver 
circuit, the capacitive load of a source line. It is considered 
that there are four types of capacitive loads of a source line, 
which are 1) a capacitance generated in a liquid crystal layer 
and an insulation layer wherein the electrodes are an entire 
source line and a counter substrate, 2) a capacitance gener- 
ated in an insulation layer wherein the electrodes are a 
source line and a gate line in the intersection of the lines, 3) 
a capacitance generated in an insulation layer wherein the 
electrodes are a source line and a pixel electrode terminal 
parallel to the source line, and 4) a capacitance retained by 
a pixel transistor at the intersection of a source line and a 
gate line. Therefore, the degree of the output load is deter- 
mined by the total sum of these capacitive loads, 1) to 4). 
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When a driver circuit is integrally formed on the array 
substrate, in the present state of art, a variation in resistance 
elements and capacitance elements therein is inevitably 
caused. Since the resistance elements are formed in the 

5 impurity-containing semiconductor layer, the variation of 
the resistance value of the resistance elements is mainly 
caused by the degree of impurity implantation. The variation 
of the capacitance value of the capacitance elements is 
mainly caused by the quality and thickness of each insula- 

10 tion layer that forms each capacitance element. The variation 
of the resistance value is approximately from twice to five 
times, which is very large, while the variation of the capaci- 
tance value is approximately from several % to 10%, which 
is very small in comparison with the variation of the 

15 resistance value. These variations of the resistance value and 
capacitance value occurs in each manufactured substrate, 
and therefore the most suitable value of the normal operation 
period for each substrate is different. Therefore, in order to 
find an optimal normal operation period for each substrate 

20 and to determine the low power period, it is primarily 
required to reflect the variation of the resistance value. On 
the basis of this ground, Embodiments 2-14 to 2-24 
described hereinbefore are intended to optimize the normal 
operation period by constructing the integrator circuits with 

25 taking into account the variation of the resistance value. As 
mentioned above, since the variation of the resistance value 
is far larger than that of the capacitance value, reflecting only 
the variation of the resistance value will suffice when 
realizing the optimization of the normal operation period. 

30 However, a variation of electric power as large as approxi- 
mately from several % to 10% cannot be suppressed unless 
the optimization is carried out by reflecting the capacitance 
variation. Therefore, it is preferable that the capacitance 
variation be also taken into account, in order to further 

35 improve the optimization of the normal operation period. 
For this reason, the further improved optimization of the 
reduction in power consumption can be achieved by reflect- 
ing the capacitance elements as well as the resistance 
elements when optimizing the low power period, i.e., detect - 

40 ing the normal operation period. 

More specifically, in this embodiment, the resistance 
element that is formed by the same manner as is the 
resistance elements in the driver circuit and the capacitance 
elements that uses the same insulation layers as each of the 

45 above capacitive loads are employed in constructing an R-C 
integrator circuit so as to reflect a resistance value per unit 
area in a semiconductor layer and a capacitance value per 
unit area in each of the above capacitances, both values 
being the absolute values for each manufactured substrate. 

50 The normal operation period is pseudo-detected by a delay 
time of the output from the R-C integrator circuit, and the 
low power period is automatically determined accordingly. 
According to this construction, in driving the capacitive load 
by the driver circuit, the normal operation period becomes 

55 longer (=the low power period becomes shorter) as the 
resistance value increases, while the driving period becomes 
shorter (=the low power period becomes longer) as the 
resistance value decreases. In the R-C integrator circuit, 
likewise, the output delay becomes larger as the resistance 

60 value increases, while the output delay becomes smaller as 
the resistance value decreases. The output delay of the R-C 
integrator circuit thus reflects a variation of the length of the 
driving period caused by the variation of the resistance 
value. 

65 On the other hand, as for the variation of the capacitance 
value, in driving the capacitive load by the driver circuit, the 
driving period becomes longer (=the low power period 
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becomes shorter) as the capacitive load increases, while the 
driving period becomes shorter (=the low power period 
becomes longer) as the capacitive load decreases. In the R-C 
integrator circuit, likewise, the output delay becomes larger 
as the capacitive load increases, while the output delay 
becomes smaller as the capacitive load decreases. The 
output delay of the R-C integrator circuit thus reflects a 
variation of the length of the driving period caused by the 
variation of the capacitive load. 

As has been described, this embodiment can further 
optimize the normal operation period and the low power 
period when compared with the embodiments wherein only 
the resistance elements are taken into account and the 
capacitance loads are not. 



10 



It is noted that one dummy source line may be provided 15 verter circuit. 



3. A driver circuit for an active matrix liquid crystal 
display as in claim 1, wherein said semiconductor layer is a 
non-single crystalline silicon layer and is at least one layer 
of an n-type layer and a p-type layer. 

4. A driver circuit for an active matrix liquid crystal 
display as in claim 1, wherein said digital-to- analog con- 
verter circuit is an R-2R ladder type digital-to-analog con- 
verter circuit. 

5. A driver circuit for an active matrix liquid crystal 
display as in claim 2, wherein said digital-to -analog con- 
verter circuit is an R-2R ladder type digital-to-analog con- 
verter circuit. 

6. A driver circuit for an active matrix liquid crystal 
display as in claim 3, wherein said digital-to-analog con- 
verter circuit is an R-2R ladder type digital-to-analog con- 



for the capacitive loads in the R-C integrator circuit for 
detecting the normal operation period. 
(Other Remarks) 

In Embodiments 2-1 to 2-25, although the amplifier 
element 11 continues to operate throughout one horizontal 20 
synchronizing period, the power supply thereto can be cut 
off during the low power period. This achieves further 
reduction of power consumption. 



INDUSTRIAL APPLICABILITY 



^ As has been describe.d4husvfar, according-to the present 

LCDrand thereby 're^duc^ achieved by 

eliminating driver! ICs-frofrflhe components of an LCD. 
Moreover, it is ma^ a~m^facturing 30 

step- of ^^fi'flfraS^rM^s ■ dnlbltneiarra y-substra te, and— 
as a result; TedUctiohjn the sizes and. thickness or an LCD 
can be also achieved. 

Furthermore, according to the present invention, the 3S 
reduction in power consumption can be achieved by, in a 
low power period, cutting off or selecting a power supply to 
a DAC or by fixing an input data to be a data capable of 
reducing an electric current flowing in the resistance ele- 
ments. Furthermore, since a potential of an output terminal 
is retained by a capacitive load, the low power period can 
include a period in which the period necessary to completely 
change the voltage of the capacitive load connected to the 
output terminal is excluded. 

What is claimed is: 45 

1. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 50 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 55 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 60 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate. 

2. A driver circuit for an active matrix liquid crystal 
display as in claim 1, wherein said semiconductor layer is 
composed of a non -single crystalline material including 65 
silicon and germanium, and contains an impurity which acts 
as a donor or an acceptor. 



7. A driver circuit for an active matrix liquid crystal 
display as in claim 1, wherein said digital-to-analog con- 
verter circuit is a voltage potentiometer type digital-to- 
analog converter circuit. 

8. A driver circuit for an active matrix liquid crystal 
display as in claim 2, wherein said digital -to- analog con- 
verter circuit is a voltage potentiometer type digital-to- 
analog converter circuit. 

9. A driver circuit for an active matrix liquid crystal 
25 display as in claim 3, wherein said digital-to-analog con- 
verter circuit is a voltage potentiometer type digital-to- 
analog converter circuit. 

10. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display comprising: 

a resistive dividing type digital-to-analog converter 
— ^ circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 
said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate. 

11. A driver circuit for an active matrix liquid crystal 
display comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1, said current amplifier 
element being mounted on said array substrate and a 
remaining portion of said driver circuit excluding said 
current amplifier element being formed on said array 
substrate; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate. 

12. A driver circuit tor an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 
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said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
wherein said digital-to-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to one of more significant bit data 
and lesser significant bit data of digital video input 
data; and 

a second digital-to- analog converter circuit section which 
uses an output voltage as a reference voltage and 
operates in response to the other one of more significant 
bit data and lesser significant bit data of digital video 
input data; and 

wherein one of said digital-to- analog converter circuit 
sections is an R-2R ladder type digital-to- analog con- 
verter circuit, and the other one of said digital-to- 
analog converter circuit sections is a voltage potenti- 
ometer type digital-to-analog converter circuit. 

13. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of a voltage potentiometer type digital-to- analog 
converter circuit comprising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 

a first switch connected between said one end of said 
series circuit and said high voltage power supply ter- 
minal or between said other end of said series circuit 
and said low voltage supply terminal, said first switch 
to be turned to an ON state during said normal opera- 



tion period and to be turned to an OFF state during said 
remaining period in response to said first switching 
signal; and 

a group of second switches wherein a switching state of 
5 each of said second switches is controlled in response 
to a digital video data, and each of said second switches 
is connected between a connecting point of each of said 
resistance elements and an output terminal of said 
digital-to-analog converter circuit. 
10 14. A driver circuit for an active matrix liquid crystal 
display as in claim 13, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source fine is such an 
output switch provided on an output side of said driver 
1 5 circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

15. A driver circuit for an active matrix liquid crystal 
20 display as in claim 13, wherein said first switching signal 

generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 
25 said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

16. A driver circuit for an active matrix liquid crystal 
display as in claim 13, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 

40 chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said firsl 
switching signal. 

17. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

60 a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
65 from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
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amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1 ; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of a voltage potentiometer type digital-to- analog 
converter circuit comprising: 

a series circuit wherein said resistance elements are 
connected in series, one end of said series circuit is 
commonly connected to a first high voltage power 
supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply, and the other end is 25 
connected to a low voltage power supply terminal; 

a third switch connected between one end of said series 
circuit and said power supply terminals, said third 
switch for switching an electrical connection of said 
one end of said series circuit in response to said first 
switching signal so that said one end of said series 
circuit is connected to said first high voltage power 
supply terminal during said normal operation period 
and is connected to said second high voltage power 
supply terminal during said remaining period; and 

a group of second switches wherein a switching state of 
each of said second switches is controlled in response 
to a digital video data, and each of said second switches 
is connected between a connecting point of each of said 
resistance elements and an output terminal of said 
digital -to -an a log converter circuit. 

18. A driver circuit for an active matrix liquid crystal 
display as in claim 17, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

19. A driver circuit for an active matrix liquid crystal 
display as in claim 17, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 
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20. A driver circuit for an active matrix liquid crystal 
display as in claim 17, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay lime determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

21. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of an R-2R ladder type digital-to-analog con- 
verter circuit comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of fourth switches, each provided for each bit of 
digital video data, for determining an output voltage by 
alternatively selecting between a connecting state with 
a high voltage power supply terminal and a connecting 
state with a low voltage power supply terminal; and 

a second switching signal generator circuit for generating 
a second switching signal to control a switching slate of 
each of said fourth switches and outputting said second 
switching signal to said group of fourth switches, 
wherein said second switching signal generator circuit 
receives said first switching signal and said digital 
video data, and outputs a data corresponding to said 
digital video input data as said second switching signal 
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during said normal operation period, and outputs a 
fixed data as said second switching signal during said 
remaining period, said fixed data causing a current 
value in said resistance element network to be not more 
than an median current value between a minimum 
current value and a maximum current value in said 
resistance element network. 

22. A driver circuit for an active matrix liquid crystal 
display as in claim 21, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

23. A driver circuit for an active matrix liquid crystal 
display as in claim 21, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 25 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 30 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

24. A driver circuit for an active matrix liquid crystal 
display as in claim 21, wherein said first switching signal 35 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 45 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 



said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
wherein said digital-to-analog converter circuit is com- 
posed of an R-2R ladder type digital-to-analog con- 
verter circuit comprising: 
an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 
a group of fifth switches for determining an output 
voltage; and 

a third switching signal generator circuit for generating a 
third switching signal to control a switching state of 
each of said fifth switches and outputting said third 
switching signal to said group of fifth switches, said 
third switching signal generator circuit comprising a 
storage circuit for storing a fixed data causing said 
group of fifth switches to be OFF state, wherein said 
third switching signal generator circuit receives said 
first switching signal and digital video data, and outputs 
during said normal operation period a data correspond- 
ing to said digital video data as said third switching 
signal, and outputs during said remaining period said 
fixed data stored in said storage circuit as said third 
switching signal so as to cut off the power supply to 
said resistance element network. 

26. A driver circuit for an active matrix liquid crystal 
display as in claim 25, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 

40 output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

27. A driver circuit for an active matrix liquid crystal 
display as in claim 25, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 



a logic circuit wherein an output from said delay circuit 50 said digital-to-analog converter circuit: 



and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 
25. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 55 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 60 
said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 



said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 
28. A driver circuit for an active matrix liquid crystal 
display as in claim 25, wherein said first switching signal 



generator circuit receives a horizontal synchronizing signal, 
amplifier element having an impedance conversion 65 generates a first switching signal from said horizontal syn- 
function wherein a voltage amplification ratio of said chronizing signal, and outputs said first switching signal to 
current amplifier element is 1; said digital-lo-analog converter circuit: 
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said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 5 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance elemenl in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 10 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 
29. A driver circuit for an active matrix liquid crystal 15 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 20 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 25 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 3Q 
elements are composed of an impurity -containing 
semiconductor layer formed on said array substrate and 
further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 35 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 40 
response to said first switching signal; 

wherein said digital-to- analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 5Q 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 55 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 60 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 65 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
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terminal, and the other end is connected to a low 
voltage power supply terminal; 
a sixth switch connected between one end of said series 
circuit and said high voltage power supply terminal or 
between the other end of said series circuit and said low 
voltage power supply circuit, said sixth switch to be 
turned to an ON state during said normal operation 
period and to be turned to an OFF state during said 
remaining period in response to said first switching 
signal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 
. a group of ninth switches for alternatively selecting 
between a connecting state with said first connecting 
terminal and a connecting state with said second con- 
necting terminal in response to said lesser significant 
bits of said digital video input data; 

said driver circuit, wherein: 

during said normal operation period, said sixth switch is 
turned to the ON state, a switching state of each of said 
seventh switches and a switching state of each of said 
eighth switches are controlled corresponding to said 
more significant bits of said digital video input data, 
and a switching stale of each of said ninth switches is 
controlled corresponding to said lesser significant bits 
of said digital video input data; and 

during said remaining period, said sixth switch is turned 
to the OFF state and said electrical connection with said 
capacitive load is cut off by said means for cutting off 
said electrical connection. 

30. A driver circuit for an active matrix liquid crystal 
display as in claim 29, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

31. A driver circuit for an active matrix liquid crystal 
display as in claim 29, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
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a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

32. A driver circuit for an active matrix liquid crystal 5 
display as in claim 29, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 15 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 20 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

33. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 25 
display, comprising: 

a resistive dividing type digital-to-analog convener 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 30 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 35 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a ^ 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 5Q 

wherein said digital- to -analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 55 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digilal-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 60 
to -analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 65 

said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
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analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 
said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, said tenth switch 
controlled by said first switching signal, and the other 
end of said series circuit is connected to a low voltage 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 

a group of ninth switches for alternatively selecting 
between a connecting state with said first connecting 
terminal and a connecting state with said second con- 
necting terminal in response to said lesser significant 
bits of said digital video input data; 

said driver circuit wherein: 

during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data, and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 

during said remaining period, said tenth switch is 
switched to said second high voltage power supply 
terminal and said electrical connection with a capaci- 
tive load is cut off by said means for cutting off said 
electrical connection. 

34. A driver circuit for an active matrix liquid crystal 
display as in claim 33, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

35. A driver circuit for an active matrix liquid crystal 
display as in claim 33, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
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a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 5 
tance element in said integrator circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 10 

36. A driver circuit for an active matrix liquid crystal 
display as in claim 33, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 15 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 20 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 25 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 30 

37. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 35 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 40 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 5Q 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a ss 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which eo 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 65 
verier circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
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to -analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital -to- analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to- analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: an R-2R ladder resistance element network 
composed of two types of said resistance elements, 
each type having a different resistance value; 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; and 

a fourth switching signal generator circuit for generating 
a fourth switching signal to control a switching stale of 
each of said ninth switches and outputting said fourth 
switching signal to said group of ninth switches, 
wherein said fourth switching signal generator circuit 
receives said lesser significant bits of said digital video 
input data and said first switching signal, and outputs 
during said normal operation period said fourth switch- 
ing signal corresponding to said lesser significant bits 
of said digital video data, and outputs during said 
remaining period a fixed data as said fourth switching 
signal, said fixed data causing a current value in said 
resistance element network to be not more than the 
median current value between a minimum current value 
and a maximum current value in said resistance ele- 
ment network. 

38. A driver circuit for an active matrix liquid crystal 
display as in claim 37, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as lo cm off said electrical connection. 

39. A driver circuit for an active matrix liquid crystal 
display as in claim 37, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 
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said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 5 
time determined by a resistance value of said resis- 
tance clement in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 10 
switching signal. 

40. A driver circuit for an active matrix liquid crystal 
display as in claim 37, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 15 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 20 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 25 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 30 
switching signal. 

41. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 35 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 40 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 45 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 50 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 55 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital -to -analog converter circuit com- 
prises: 60 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section com- 
prising a first connecting terminal receiving a higher 65 
voltage output from said first digital-to-analog con- 
verter circuit section, an eleventh switch connected 
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between said first connecting terminal and a power 
supply input line connected to said first connecting 
terminal, a second connecting terminal receiving a 
lower voltage output from said first digital-to-analog 
converter circuit section, and a twelfth switch con- 
nected between said second connecting terminal and a 
power supply input line connected to said second 
connecting terminal, said second digital-to-analog con- 
verter circuit section employing as a reference voltage 
a voltage between said first connecting terminal and 
said second connecting terminal, and said second 
digital-to-analog converter operating in response to 
lesser significant bit of said digital video input data; 
said first digital -to- analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 
said first digital -to- analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
furtner comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; 

said driver circuit wherein: 

during said normal operation period, said eleventh switch 
and said twelfth switch are turned to an ON state and 
a switching state of each of said seventh switches and 
a switching state of each of said eighth switches are 
controlled corresponding to said more significant bits 
of said digital video input data, and a switching state of 
each of said ninth switches is controlled corresponding 
to said lesser significant bits of said digital video input 
data; and 

during said remaining period, said eleventh switch and 
said twelfth switch are turned to the OFF state and said 
electrical connection with said capacitive load is cut off 
by said means for cutting off said electrical connection. 
42. A driver circuit for an active matrix liquid crystal 
display as in claim 41, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
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output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

43. A driver circuit for an active matrix liquid crystal 
display as in claim 41, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

44. A driver circuit for an active matrix liquid crystal 
display as in claim 41, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

45. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
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wherein said digital- to -analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to- analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, and the other end 
of said series circuit is connected to a low voltage 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; and 

a fourth switching signal generator circuit for generating 
a fourth switching signal to control a switching slate of 
each of said ninth switches and outputling said fourth 
switching signal to said group of ninth switches, 
wherein said fourth switching signal generator circuit 
receives said lesser significant bits of said digital video 
input data and said first switching signal, and outputs 
during said normal operation period said fourth switch- 
ing signal corresponding to said lesser significant bits 
of said digital video data, and outputs during said 
remaining period a fixed data as said fourth switching 
signal, said fixed data causing a current value in said 
resistance element network to be not more than the 
median current value between a minimum current value 
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and a maximum current value in said resistance ele- 
ment network; 

said driver circuit wherein: 

during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data, and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 

during said remaining period, said tenth switch is 
switched to said second high voltage power supply 
terminal, said ninth switches are switched correspond- 
ing to said fixed input data, and said electrical connec- 
tion with said capacitive load is cut off by said means 
for cutting off said electrical connection. 

46. A driver circuit for an active matrix liquid crystal 
display as in claim 45, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

47. A driver circuit for an active matrix liquid crystal 
display as in claim 45, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

48. A driver circuit for an active matrix liquid crystal 
display as in claim 45, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay time determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

49. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 
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a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output - 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-lo-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-lo-analog converter circuit section com- 
prising a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section, an eleventh switch connected 
between said first connecting terminal and a power 
supply input line connected to said first connecting 
terminal, a second connecting terminal receiving a 
lower voltage output from said first digital-to-analog 
converter circuit section, and a twelfth switch con- 
nected between said second connecting terminal and a 
power supply input line connected to said second 
connecting terminal, said second digital-to-analog con- 
verter circuit section employing as a reference voltage 
a voltage between said first connecting terminal and 
said second connecting terminal, and said second 
digital-to-analog converter operating in response to 
lesser significant bit of said digital video input data; 

said first digital -to- analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, and the other end 
of said series circuit is connected to a low voltage 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 
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a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 5 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 10 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; 15 

said driver circuit wherein: 

during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 20 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and ^ 

during said remaining period, said tenth switch is 
switched to said second high voltage power supply 
terminal, said eleventh switch and said twelfth switch 
are turned to the OFF state and said electrical connec- 
tion with said capacitive load is cut off by said means 30 
for cutting off said electrical connection. 

50. A driver circuit for an active matrix liquid crystal 
display as in claim 49, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 35 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 40 

51. A driver circuit for an active matrix liquid crystal 
display as in claim 49, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 45 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 
posed of a resistance element and a capacitor 
element, said delay circuit for delaying said horizon- 50 
tal synchronizing signal for a predetermined delay 
time determined by a resistance value of said resis- 
tance element in said integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 55 
together to output a resultant signal as said first 
switching signal. 

52. A driver circuit for an active matrix liquid crystal 
display as in claim 49 , wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, eo 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit com- 65 
posed of a resistance element and a capacitance 
element composed of a capacitive load connected to 
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a source line, said delay circuit for delaying said 
horizontal synchronizing signal for a predetermined 
delay lime determined by a resistance value of said 
resistance element in said integrator circuit and a 
capacitance value of said capacitance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first 
switching signal. 

53. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital- to- analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding said 
precharge period mode; 

wherein said digital-to-analog converter circuit is com- 
posed of an R-2R ladder type digital-to-analog con- 
verter circuit comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of fourth switches, each provided for each bit of 
digital video data, for determining an output voltage by 
alternatively selecting between a connecting state with 
a high voltage power supply terminal and a connecting 
state with a low voltage power supply terminal; and 

a sixth switching signal generator circuit for generating a 
sixth switching signal to control a switching state of 
each of said fourth switches and outputting said sixth 
switching signal to said group of fourth switches, 
wherein said sixth switching signal generator circuit 
receives said fifth switching signal and digital video 
data, and outputs a data corresponding to said digital 
video data as said sixth switching signal during said 
remaining period, and outputs a fixed data as said sixth 
switching signal during said precharge period, said 
fixed data causing a current value in said resistance 
element network to be not more than an median current 
value between a minimum current value and a maxi- 
mum current value in said resistance element network. 

54. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 
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said driver circuit constructed so that an output signal 
from said digital-to-analog converter circuit is output- 
ted as a driving voltage for a liquid crystal display 
portion of said liquid crystal display via a current 
amplifier element having an impedance conversion 5 
function wherein a voltage amplification ratio of said 
current amplifier element is 1; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, io 
and further comprising: 

a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 15 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding said 
precharge period mode; 

wherein said digital-to-analog converter circuit com- 2Q 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section, which 25 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 30 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital-to-analog converter circuit section being 35 
composed of a voltage potentiometer type digitai-lo- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 

said first digital-to-analog converter circuit section com- 40 
prising: a series circuit wherein a plurality of said 
resistance elements are connected in series, one end of 
said series circuit is commonly connected to a first high 
voltage power supply terminal and a second high 
voltage power supply terminal having a lower voltage 45 
level than said first high voltage power supply terminal 
via a tenth switch for selecting a power supply, and the 
other end of said series circuit is connected to a low 
voltage power supply terminal; 

a group of seventh switches each connected between a 50 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 6Q 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 65 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
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tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; and 

a fourth switching signal generator circuit for generating 
a seventh switching signal to control a switching state 
of each of said ninth switches and outputting said 
seventh switching signal to said group of ninth 
switches, wherein said seventh switching signal gen- 
erator circuit receives said fifth switching signal and 
said lesser significant bits of said digital video data, and 
outputs a data corresponding to said lesser significant 
bits of said digital video input data as said seventh 
switching signal during said remaining period, and 
outputs a fixed data as said seventh switching signal 
during said precharge period, said fixed data causing a 
current value in said resistance element network to be 
not more than an median current value between a 
minimum current value and a maximum current value 
in said resistance element network; 

said driver circuit wherein: 

during said remaining period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data, and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 

during said precharge period, said tenth swilch is switched 
to said second high voltage power supply terminal, said 
ninth switches are switched corresponding to said fixed 
input data, and said electrical connection with said 
capacitive load is cut off by said means for cutting off 
said electrical connection. 

55. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of a voltage potentiometer type digital-to-analog 
converter circuit comprising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 
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a first switch connected between said one end of said 
scries circuit and said high voltage power supply ter- 
minal or between said other end of said series circuit 
and said low voltage supply terminal, said first switch 
to be turned to an ON state during said normal opera- 5 
tion period and to be turned to an OFF state during said 
remaining period in response to said first switching 
signal; and 

a group of second switches wherein a switching state of 
each of said second switches is controlled in response 1Q 
to a digital video data, and each of said second switches 
is connected between a connecting point of each of said 
resistance elements and an output terminal of said 
digital-to-analog converter circuit. 

56. A driver circuit for an active matrix liquid crystal 
display as in claim 55, wherein said means for cutting off 15 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 20 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

57. A driver circuit for an active matrix liquid crystal 
display as in claim 55, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 25 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said ^ 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. ^ 

58. A driver circuit for an active matrix liquid crystal 
display as in claim 55, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 45 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 50 
fine, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator S5 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 60 

59. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 65 
and a plurality of switches related to said resistance 
elements; 



said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of a voltage potentiometer type digital-to-analog 
converter circuit comprising: 

a series circuit wherein said resistance elements are 
connected in series, one end of said series circuit is 
commonly connected to a first high voltage power 
supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply, and the other end is 
connected to a low voltage power supply terminal; 

a third switch connected between one end of said series 
circuit and said power supply terminals, said third 
switch for switching an electrical connection of said 
one end of said series circuit in response to said first 
switching signal so that said one end of said series 
circuit is connected to said first high voltage power 
supply terminal during said normal operation period 
and is connected to said second high voltage power 
supply terminal during said remaining period; and 

a group of second switches wherein a switching state of 
each of said second switches is controlled in response 
to a digital video data, and each of said second switches 
is connected between a connecting point of each of said 
resistance elements and an output terminal of said 
digital-to-analog converter circuit. 

60. A driver circuit for an active matrix liquid crystal 
display as in claim 59, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON slate during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

61. A driver circuit for an active matrix liquid crystal 
display as in claim 59, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 
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62. A driver circuit for an active matrix liquid crystal 
display as in claim 59, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 5 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a eapacitive load connected to a source 10 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 15 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 2Q 
ing signal. 

63. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 25 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 30 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 35 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 40 

means for cutting off an electrical connection between 
said driver circuit and a eapacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; ^ 

wherein said digital-to-analog converter circuit is com- 
posed of an R-2R ladder type digital -to -analog con- 
verter circuit comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 50 
a different resistance value; 

a group of fourth switches, each provided for each bit of 
digital video data, for determining an output voltage by 
alternatively selecting between a connecting state with 
a high voltage power supply terminal and a connecting 55 
state with a low voltage power supply terminal; and 

a second switching signal generator circuit for generating 
a second switching signal to control a switching state of 
each of said fourth switches and outputting said second 
switching signal to said group of fourth switches, 60 
wherein said second switching signal generator circuit 
receives said first switching signal and said digital 
video data, and outputs a data corresponding to said 
digital video input data as said second switching signal 
during said normal operation period, and outputs a 65 
fixed data as said second switching signal during said 
remaining period, said fixed data causing a current 
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value in said resistance element network to be not more 
than an median current value between a minimum 
current value and a maximum current value in said 
resistance element network. 

64. A driver circuit for an active matrix liquid crystal 
display as in claim 63, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said eapacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

65. A driver circuit for an active matrix liquid crystal 
display as in claim 63, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

66. A driver circuit for an active matrix liquid crystal 
display as in claim 63, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a eapacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together lo output a resultant signal as said first switch- 
ing signal. 

67. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
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switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 5 
response to said first switching signal; 

wherein said digital-to-analog converter circuit is com- 
posed of an R-2R ladder type digital-to-analog con- 
verter circuit comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of fifth switches for determining an output 
voltage; and !5 

a third switching signal generator circuit for generating a 
third switching signal to control a switching state of 
each of said fifth switches and outputting said third 
switching signal to said group of fifth switches, said 
third switching signal generator circuit comprising a 20 
storage circuit for storing a fixed data causing said 
group of fifth switches to be OFF state, wherein said 
third switching signal generator circuit receives said 
first switching signal and digital video data, and outputs 
during said normal operation period a data correspond- 25 
ing to said digital video data as said third switching 
signal, and outputs during said remaining period said 
fixed data stored in said storage circuit as said third 
switching signal so as to cut off the power supply to 
said resistance element network. 30 

68. A driver circuit for an active matrix liquid crystal 
display as in claim 67, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 35 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

69. A driver circuit for an active matrix liquid crystal 40 
display as in claim 67, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 45 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 50 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 55 
together to output a resultant signal as said first switch- 
ing signal. 

70. A driver circuit for an active matrix liquid crystal 
display as in claim 67, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 6Q 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 65 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
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line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

71. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 
said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
wherein said digital-to-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 
a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a tower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 
said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 
said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 
a sixth switch connected between one end of said series 
circuit and said high voltage power supply terminal or 
between the other end of said series circuit and said low 
voltage power supply circuit, said sixth switch to be 
turned to an ON state during said normal operation 
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period and to be turned to an OFF state during said 
remaining period in response to said first switching 
signal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 

a group of ninth switches for alternatively selecting 
between a connecting state with said first connecting 
terminal and a connecting state with said second con- 
necting terminal in response to said lesser significant 
bits of said digital video input data; 

said driver circuit, wherein: 

during said normal operation period, said sixth switch is 
turned to the ON state, a switching state of each of said 
seventh switches and a switching state of each of said 
eighth switches are controlled corresponding to said 
more significant bits of said digital video input data, 
and a switching state of each of said ninth switches is 
controlled corresponding to said lesser significant bits 
of said digital video input data; and 

during said remaining period, said sixth switch is turned 
to the OFF state and said electrical connection with said 
capacitive load is cut off by said means for cutting off 
said electrical connection. 

72. A driver circuit for an active matrix liquid crystal 
display as in claim 71, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

73. A driver circuit for an active matrix liquid crystal 
display as in claim 71, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

74. A driver circuit for an active matrix liquid crystal 
display as in claim 71, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
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generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

75. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 

wherein said digital-to- analog converter circuit com- 
prises: 

■ a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 

said first digital-lo-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
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power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, said tenth switch 
controlled by said first switching signal, and the other 
end of said series circuit is connected to a low voltage 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 

a group of ninth switches for alternatively selecting 
between a connecting state with said first connecting 
terminal and a connecting state with said second con- 
necting terminal in response to said lesser significant 
bits of said digital video input data; 

said driver circuit wherein: 

during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data, and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 

during said remaining period, said tenth switch is 
switched to said second high voltage power supply 
terminal and said electrical connection with a capaci- 
tive load is cut off by said means for cutting off said 
electrical connection. 

76. A driver circuit for an active matrix liquid crystal 
display as in claim 75, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF slate during said 
remaining period so as to cut off said electrical connection. 

77. A driver circuit for an active matrix liquid crystal 
display as in claim 75, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-lo-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 
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78. A driver circuit for an active matrix liquid crystal 
display as in claim 75, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 

5 chronizing signal, and outputs said first switching signal tn 
said digital-to-analog converter circuit: 
said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
10 composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
15 value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch - 
20 ing signal. 

79. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

^ a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
30 from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 
said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
35 semiconductor layer formed on said array substrate, 
and further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
40 normal operation period and a remaining period; and 
means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
45 wherein said digital-to-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
5Q video input data; and 

a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
ss receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
60 said digital video input data; 

said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
65 R-2R ladder type digital-to-analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 
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a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 
terminal, and the other end is connected to a low 
voltage power supply terminal; 5 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 1Q 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 15 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 2Q 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; and ^ 

a fourth switching signal generator circuit for generating 
a fourth switching signal to control a switching state of 
each of said ninth switches and outputting said fourth 
switching signal to said group of ninth switches, 
wherein said fourth switching signal generator circuit 30 
receives said lesser significant bits of said digital video 
input data and said first switching signal, and outputs 
during said normal operation period said fourth switch- 
ing signal corresponding to said lesser significant bits 
of said digital video data, and outputs during said 35 
remaining period a fixed data as said fourth switching 
signal, said fixed data causing a current value in said 
resistance element network to be not more than the 
median current value between a minimum current value 
and a maximum current value in said resistance ele- ^ 
ment network. 

80. A driver circuit for an active matrix liquid crystal 
display as in claim 79, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 45 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 50 

81. A driver circuit for an active matrix liquid crystal 
display as in claim 79, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to S5 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing eo 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 65 
together to output a resultant signal as said first switch- 
ing signal. 
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82. A driver circuit for an active matrix liquid crystal 
display as in claim 79, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDal 
together to output a resultant signal as said first switch- 
ing signal. 

83. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 
said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
wherein said digital-to- analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 
a second digital-to-analog converter circuit section com- 
prising a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section, an eleventh switch connected 
between said first connecting terminal and a power 
supply input line connected to said first connecting 
terminal, a second connecting terminal receiving a 
lower voltage output from said first digital-to-analog 
converter circuit section, and a twelfth switch con- 
nected between said second connecting terminal and a 
power supply input line connected to said second 
connecting terminal, said second digital-to- analog con- 
verter circuit section employing as a reference voltage 
a voltage between said first connecting terminal and 
said second connecting terminal, and said second 
digital-to-analog converter operating in response to 
lesser significant bit of said digital video input data; 
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said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to- analog converter circuit; 5 

said first digital-to-analog converter circuit section com- 
prising; 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is connected to a high voltage power supply 10 
terminal, and the other end is connected to a low 
voltage power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in ]5 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 2 o 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
further comprising: 25 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; and 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 30 
lively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; 

said driver circuit wherein: ^ 

during said normal operation period, said eleventh switch 
and said twelfth switch are turned to an ON state and 
a switching stale of each of said seventh switches and 
a switching state of each of said eighth switches are 
controlled corresponding to said more significant bits 
of said digital video input data, and a switching state of 
each of said ninth switches is controlled corresponding 
to said lesser significant bits of said digital video input 
data; and 

during said remaining period, said eleventh switch and 45 
said twelfth switch are turned to the OFF state and said 
electrical connection with said capacitive load is cut off 
by said means for cutting off said electrical connection. 

84. A driver circuit for an active matrix liquid crystal 
display as in claim 83, wherein said means for cutting off 50 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 55 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

85. A driver circuit for an active matrix liquid crystal 
display as in claim 83, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 60 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 65 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
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signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

86. A driver circuit for an active matrix liquid crystal 
display as in claim 83, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

87. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
trom each of said digiial-lo-analug converter circuits Ls 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 
said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 
a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 
means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 
response to said first switching signal; 
wherein said digital-to -analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 
a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 
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said first digital-to-analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 5 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 10 
power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, and the other end 
of said series circuit is connected to a low voltage 15 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 2Q 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 25 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 30 
two types of said resistance elements, each type having 
a different resistance value; 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 35 
first connecting terminal and a connecting state with 
said second connecting terminal; and 

a fourth switching signal generator circuit for generating 
a fourth switching signal to control a switching state of 
each of said ninth switches and output ting said fourth 
switching signal to said group of ninth switches, 
wherein said fourth switching signal generator circuit 
receives said lesser significant bits of said digital video 
input data and said first switching signal, and outputs ^ 
during said normal operation period said fourth switch- 
ing signal corresponding to said lesser significant bits 
of said digital video data, and outputs during said 
remaining period a fixed data as said fourth switching 
signal, said fixed data causing a current value in said 5Q 
resistance element network to be not more than the 
median current value between a minimum current value 
and a maximum current value in said resistance ele- 
ment network; 

said driver circuit wherein: S5 
during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 60 
digital video input data, and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 
during said remaining period, said tenth switch is 
switched to said second high voltage power supply 65 
terminal, said ninth switches are switched correspond- 
ing to said fixed input data, and said electrical connec- 
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tion with said capacitive load is cut off by said means 
for cutting off said electrical connection. 

88. A driver circuit for an active matrix liquid crystal 
display as in claim 87, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

89. A driver circuit for an active matrix liquid crystal 
display as in claim 87, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

90. A driver circuit for an active matrix liquid crystal 
display as in claim 87, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

91. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a first switching signal generator circuit which receives a 
predetermined reference signal and generates a first 
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switching signal for alternatively selecting between a 
normal operation period and a remaining period; and 

means for cutting off an electrical connection between 
said driver circuit and a capacitive load connected to a 
source line only during said remaining period in 5 
response to said first switching signal; 

wherein said digital-to-analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 

a second digital-to-analog converter circuit section com- 
prising a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 15 
verier circuit section, an eleventh switch connected 
between said first connecting terminal and a power 
supply input line connected to said first connecting 
terminal, a second connecting terminal receiving a 
lower voltage output from said first digital-to-analog 2Q 
converter circuit section, and a twelfth switch con- 
nected between said second connecting terminal and a 
power supply input line connected to said second 
connecting terminal, said second digital-to-analog con- 
verter circuit section employing as a reference voltage ^ 
a voltage between said first connecting terminal and 
said second connecting terminal, and said second 
digital-to-analog converter operating in response to 
lesser significant bit of said digital video input data; 

said first digital-to-analog converter circuit section being 30 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital-to-analog converter circuit; 

said first digital-lo -analog converter circuit section com- 35 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
power supply terminal and a second high voltage power 40 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, and the other end 
of said series circuit is connected to a low voltage 
power supply terminal; 45 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 50 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 55 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 60 
a different resistance value; and 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 55 
said second connecting terminal; 

said driver circuit wherein: 
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during said normal operation period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 
digital video input data and a switching state of said 
ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 

during said remaining period, said tenth switch is 
switched to said second high voltage power supply 
terminal, said eleventh switch and said twelfth switch 
are turned to the OFF state and said electrical connec- 
tion with said capacitive load is cut off by said means 
for cutting off said electrical connection. 

92. A driver circuit for an active matrix liquid crystal 
display as in claim 91, wherein said means for cutting off 
said electrical connection between said driver circuit and 
said capacitive load connected to said source line is such an 
output switch provided on an output side of said driver 
circuit that, in response to said first switching signal, said 
output switch is turned to an ON state during said normal 
operation period, and is turned to an OFF state during said 
remaining period so as to cut off said electrical connection. 

93. A driver circuit for an active matrix liquid crystal 
display as in claim 91, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitor element, said 
delay circuit for delaying said horizontal synchronizing 
signal for a predetermined delay time determined by a 
resistance value of said resistance element in said 
integrator circuit; and 
a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

94. A driver circuit for an active matrix liquid crystal 
display as in claim 91, wherein said first switching signal 
generator circuit receives a horizontal synchronizing signal, 
generates a first switching signal from said horizontal syn- 
chronizing signal, and outputs said first switching signal to 
said digital-to-analog converter circuit: 

said first switching signal generator circuit comprising: 
a delay circuit comprising an integrator circuit composed 
of a resistance element and a capacitance element 
composed of a capacitive load connected to a source 
line, said delay circuit for delaying said horizontal 
synchronizing signal for a predetermined delay time 
determined by a resistance value of said resistance 
element in said integrator circuit and a capacitance 
value of said capacitance element in said integrator 
circuit; and 

a logic circuit wherein an output from said delay circuit 
and said horizontal synchronizing signal are ANDed 
together to output a resultant signal as said first switch- 
ing signal. 

95. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 
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said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding said 
precharge period mode; 

wherein said digital -to -ana log converter circuit is com- 
posed of an R-2R ladder type digital -to- analog con- 
verter circuit comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of fourth switches, each provided for each bit of 
digital video data, for determining an output voltage by 
alternatively selecting between a connecting state with 
a high voltage power supply terminal and a connecting 
state with a low voltage power supply terminal; and 

a sixth switching signal generator circuit for generating a 
sixth switching signal to control a switching state of 
each of said fourth switches and outputting said sixth 
switching signal to said group of fourth switches, 
wherein said sixth switching signal generator circuit 
receives said fifth switching signal and digital video 
data, and outputs a data corresponding to said digital 
video data as said sixth switching signal during said 
remaining period, and outputs a fixed data as said sixth 
switching signal during said precharge period, said 
fixed data causing a current value in said resistance 
element network to be not more than an median current 
value between a minimum current value and a maxi- 
mum current value in said resistance element network. 

96. A driver circuit for an active matrix liquid crystal 
display formed on an array substrate of said liquid crystal 
display, comprising: 

a resistive dividing type digital-to-analog converter 
circuit, comprising a plurality of resistance elements 
and a plurality of switches related to said resistance 
elements; 

said driver circuit constructed so that an output signal 
from each of said digital-to-analog converter circuits is 
directly outputted as a driving voltage for a liquid 
crystal display portion of said liquid crystal display; 

said driver circuit characterized in that said resistance 
elements are composed of an impurity-containing 
semiconductor layer formed on said array substrate, 
and further comprising: 

a fifth switching signal generator circuit which receives a 
predetermined reference signal and generates a fifth 
switching signal for selecting one of the modes 
between a precharge period mode for a precharge 
which is carried out prior to writing video data into a 
source line and a remaining period mode excluding said 
precharge period mode; 

wherein said digital-to- analog converter circuit com- 
prises: 

a first digital-to-analog converter circuit section which 
operates in response to more significant bits of digital 
video input data; and 
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a second digital-to-analog converter circuit section, which 
comprises a first connecting terminal receiving a higher 
voltage output from said first digital-to-analog con- 
verter circuit section and a second connecting terminal 
receiving a lower voltage output from said first digital- 
to-analog converter circuit section, which employs as a 
reference voltage a voltage between said first connect- 
ing terminal and said second connecting terminal, and 
which operates in response to lesser significant bits of 
said digital video input data; 

said first digital-to- analog converter circuit section being 
composed of a voltage potentiometer type digital-to- 
analog converter circuit and said second digital-to- 
analog converter circuit section being composed of an 
R-2R ladder type digital -to- analog converter circuit; 

said first digital-to-analog converter circuit section com- 
prising: 

a series circuit wherein a plurality of said resistance 
elements are connected in series, one end of said series 
circuit is commonly connected to a first high voltage 
power supply terminal and a second high voltage power 
supply terminal having a lower voltage level than said 
first high voltage power supply terminal via a tenth 
switch for selecting a power supply, and the other end 
of said series circuit is connected to a low voltage 
power supply terminal; 

a group of seventh switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said first connecting terminal, 
said seventh switches controlled by said more signifi- 
cant bits of said digital video input data; and 

a group of eighth switches each connected between a 
connecting point of each of said resistance elements in 
said series circuit and said second connecting terminal, 
said eighth switches controlled by said more significant 
bits of said digital video input data; 

said second digital-to-analog converter circuit section 
comprising: 

an R-2R ladder resistance element network composed of 
two types of said resistance elements, each type having 
a different resistance value; 

a group of ninth switches provided for each of said lesser 
significant bits of said digital input data for alterna- 
tively selecting between a connecting state with said 
first connecting terminal and a connecting state with 
said second connecting terminal; and 

a fourth switching signal generator circuit for generating 
a seventh switching signal to control a switching state 
of each of said ninth switches and outputting said 
seventh switching signal to said group of ninth 
switches, wherein said seventh switching signal gen- 
erator circuit receives said fifth switching signal and 
said lesser significant bits of said digital video data, and 
outputs a data corresponding to said lesser significant 
bits of said digital video input data as said seventh 
switching signal during said remaining period, and 
outputs a fixed data as said seventh switching signal 
during said precharge period, said fixed data causing a 
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currem value in said resistance element network to be 
not more than an-median current value between a 
minimum current value and a maximum current value 
in said resistance element network; 
said driver circuit wherein: 5 
during said remaining period, said tenth switch is 
switched to said first high voltage power supply 
terminal, a switching state of said seventh switches and 
a switching state of said eighth switches are controlled 
corresponding to said more significant bits of said 10 
digital video input data, and a switching state of said 
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ninth switches is controlled corresponding to said lesser 
significant bits of said digital video input data; and 
during said precharge period, said tenth switch is switched 
to said second high voltage power supply terminal, said 
ninth switches are switched corresponding to said fixed 
input data, and said electrical connection with said 
capacitive load is cut off by said means for cutting off 
said electrical connection. 

***** 
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[FIG. 16] 
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[FIG. 17] 
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[FIG. 18] 
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[FIG. 19] 
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DIGITAL DRIVER CIRCUIT FOR ELECTRO- 
OPTICAL DEVICE AND ELECTRO-OPTICAL 
DEVICE HAVING THE DIGITAL DRIVER 
CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention is directed to a digital driver circuit 
suitably usedJodrive an electro-optical jtev ice, such as a 
liquid-crystal device, using^a^TFT- active matrix drive 
\ scheme, an electro-optical device having the digital driver 
^circ^it, and'"1m~^lectronic apparatus having the electro - 
optical device. More particularly, the invention is directed to 
a digital driver circuit or the like which receives a digital 
image signal as an input and uses multi-ramp waves to 
generate an analog drive signal. 

2. Description of Related Art 

Digital driver circuits which receive a digital image signal 
as an input and drive a display panel such as a liquid-crystal 
panel, to create a gradation display are known. For example, 
a digital driver circuit including an SC-DAC (Switched 
Capacitor — Digital to Analog Converter) circuit for selec- 
tively performing charge sharing or charge pumping of 
charges that accumulate in a plurality of capacitors having 
different capacities by a switching element depending on a 
digital image signal to generate plural voltage levels have 
been used. The SC-DAC circuit outputs plural voltage levels 
to a signal line of the display panel as drive signals corre- 
sponding to respective gradation levels, so that a gradation 
display can be realized. Typically, the digital driver circuit of 
the form including the SC-DAC circuit is externally con- 
nected to a display panel. 

As another example of a digital driver circuit for driving 
a display panel such that a gradation display can be 
generated, a digital driver circuit of a form including a serial 
divided- voltage resistor circuit is disclosed in Japanese 
Unexamined Patent Publication No. 9-54309. In this form, 
a serial divided-voltage resistor circuit divides a plurality of 
reference voltages depending on a digital image signal to 
generate plural voltage levels, and the voltages are output to 
the signal line of a display panel as drive signals corre- 
sponding to respective gradation levels, so that a gradation 
display can be created. 

In addition, as another example of a digital driver circuit 
for driving a display panel such that a gradation display can 
be generated, a digital driver circuit having a form including 
a PWM (pulse width modulation) circuit and using a ramp 
wave (saw-tooth wave) voltage is disclosed in Japanese 
Unexamined Patent Publication No. 9-244588. In this 
formation, the digital image signal is subjected to pulse 
width modulation by the PWM circuit to generate pulse 
signals having pulse widths corresponding to the digital 
image signals. A ramp wave is selected on a time axis 
depending on the pulse width to generate plural voltage 
levels, and the voltages are output to the signal line of the 
display panel as drive signals corresponding to respective 
gradation levels, so that a gradation display can be created. 

In a digital driver circuit of this type, a general demand for 
a simplified circuit arrangement or for low power consump- 
tion is strong, and at the same time, a demand for drive 
performance to be high even with an increase of the size of 
a display panel. In particular, -y-correction required depend- 
ing on a non-linear gradation characteristic for drive signal 
voltages in a display panel, such as a liquid-crystal panel, 
must be accurately performed by a circuit arrangement that 
is as simple as possible. 
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However, according to a digital driver circuit of a form 
including the conventional SC-DAC circuit, in order to 
make drive performance high, a large-capacity capacitor is 
required. For this reason, for example, the digital driver 

5 circuit is actually limited to driving a liquid-crystal panel 
having a size of about 5" in diagonal length. More 
specifically, it is difficult for the digital driver circuit to drive 
a display panel, such as a liquid-crystal panel, having a size 
larger than the above size. In particular, in a display panel 

io having a digital driver circuit built therein, this formation in 
which a large capacitor must be formed on a substrate is nut 
appropriate from the viewpoint of total circuit area or pixel 
pitch. 

According to the conventional digital driver circuit 

15 including a serial divided- voltage resistor circuit, in order to 
improve drive performance, power consumption in each 
resistor inevitably increases with an increase in current. For 
this reason, the digital driver circuit cannot have a low 
power consumption. At the same time, a switching element, 

20 such as a thin film transistor, for performing switching 
control of the resistors must be increased in size to improve 
drive performance, and the area of the entire circuit 
increases. In particular, in a display panel having a digital 
driver circuit being built therein, a large number of resistors 

25 and large-size thin film transistors or the like must be formed 
on a substrate, which is not appropriate from the viewpoint 
of circuit area or pixel pitch. 

In addition, according to the conventional digital driver 
circuit of a form including a PWM circuit, control of the 

30 voltage of a ramp wave with respect to time must be 
extremely accurately performed Io correctly generate a 
gradation display. Therefore, an amplifier for supplying a 
ramp wave requires high performance, must be able to 
rapidly saturate a voltage for a signal line at a eorrecl liming 

35 depending on a pulse signal, and also must create a highly 
accurate waveform for the ramp wave. Practically, it is very 
difficult to realize this type of circuit. Since a large-power 
ramp wave must be input at a low output impedance to 
improve drive performance, a problem that power consump- 

40 tion in the digital driver circuit is considerably high occurs. 
In particular, when y-correction for a digital image signal is 
required, problems can occur. More specifically, when as a 
scheme of Y-correctioo, any one of (i) a scheme in which the 
duly of a PWM base clock is changed for a gradation level 

45 depending on the characteristics of a display panel, (ii) a 
scheme in which a ramp wave for a time axis is changed into 
an S shape depending on the characteristics of a display 
panel, and (iii) a scheme in which a pseudo-S-shaped ramp 
waveform depending on the characteristics of a display 

50 panel is formed by a voltage which exactly gradually 
changes is selected, a voltage must be controlled at an 
accuracy that is higher than that used when y-correction is 
not performed. Therefore, it is practically almost impossible 
that voltages for driving a plurality of signal tines are. 

55 assured by the digital driver circuit of this formation. For 
this reason, the digital driver circuit of this formation is not 
typically used. 

The present invention has been made in consideration of 
the problems described above, and has as its problem to 
60 provide a digital driver circuit having relatively low power 
consumption and relatively high performance, an electro- 
optical device having the digital driver circuit, and an 
electronic apparatus having the electro-optical device. 

SUMMARY OF THE INVENTION 

The invention provides a digital driver circuit that 
receives a digital image signal of n (n is a natural number not 
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less than 2) bits as an input and generates an analog drive 
signal corresponding to the digital image signal to output to 
a signal line of an electro-optical device. The digital driver 
circuit includes a series selection circuit that selects one 
series from plural series of standard multi-ramp waves 5 
having voltages which change in steps with the passage of 
time depending on the value of y (y is a natural number) bits 
of the n bits. A time selection circuit selects, on a time axis, 
a voltage which changes in steps in at least the selected 
series of standard multi-ramp waves depending on the value 
of x (x is a natural number) bits whose bit position is higher 
than that of the y bits of the n bits. The drive signal is output 
based on the selected voltage in the selected series. 

One series is selected from the plural series of standard 
multi-ramp waves depending on the value of the y bits (e.g., 15 
medium or least significant three bits, four bits, or the like) 
of the n bits (e.g., six bits, 8 bits, 16 bits, or the like). On the 
other hand, the voltage which changes in steps in at least the 
selected series of standard multi-ramp waves is selected on 
the time axis depending on the value of the x bits (e.g., most 20 
significant three bits, four bits, or the like) whose bit position 
is higher than the y bits of the n bits. The series selection and 
the voltage selection may be simultaneously performed, or 
one of them may be performed first. When the series 
selection and the voltage selection are combined with each ^ 
other as described above, voltages (i.e., drive signals) cor- 
responding to the values of digital image signals are gener- 
ated. For this reason, the step -form change in voltage in each 
of the series of standard multi-ramp waves is a relatively 
large change at every step, and the change in voltage at each 30 
step is maintained over a relatively long time period. 
Therefore, the accuracies of timings required for the series 
of standard multi-ramp waves become considerably low. In 
addition, even if the performance of the amplifier for sup- 
plying the standard multi-ramp waves is low, a time margin 35 
which is sufficient to saturate a signal line with the voltages 
of drive signals can be assured. 

More specifically, when a drive signal is generated by 
using a constant voltage (saturation voltage) which is 
achieved after each ramp wave rises without using a voltage 40 
at the leading edge of the ramp wave, a sharp rising 
characteristic with respect to the corresponding ramp wave 
is not necessary. As a result, drive performance of the digital 
driver circuit can be improved by using a circuit having a 
relatively low through rate while the power consumption is 45 
made low, and compensation for temperature or the like can 
also be easily performed. Furthermore, such a circuit can be 
formed having a relatively small circuit area and a relatively 
simple structure. Therefore, the present invention is applied 
as a digital driver circuit, having high drive performance, for 50 
driving an electro-optical device such as a large-size display 
panel, or a digital driver circuit which can be built in an 
electro-optical device and has a small size and low power 
consumption. 

In one aspect of the invention, a time selection circuit 55 
includes a PWM circuit for generating pulse signals having 
different pulse widths depending on the value of the x bits, 
and a first switching circuit for selecting the voltage on a 
time axis depending on the pulse widths. The series selection 
circuit includes a decoder for decoding the value of the y bits 60 
and a second switching circuit for selecting the series 
depending on the decoded value. 

Pulse signals having different pulse widths are generated 
by the PWM circuit depending on the value of the x bits first, 
and, depending on the pulse widths, a voltage which changes 65 
in steps in the standard multi-ramp waves is selected on the 
time axis by the first switching circuit, e.g., a thin film 
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transistor. On the other hand, in the series selection circuit, 
the value of the y bits is decoded by the decoder, and, 
depending on the decoded value, a series of standard multi- 
ramp waves is selected by the second switching circuit, e.g., 
a thin lilm iransislor. Therefore, selection of standard multi- 
ramp waves and selection of a voltage can be performed 
with high reliability by using a combination of the PWM 
circuit, the decoder, and the switching circuit. When this 
arrangement is employed, high drive performance can also 
be realized while suppressing power consumption to a low 
level. 

In one aspect of the invention, the selected voltage in the 
selected series is output as the drive signal. Thus, a selected 
voltage in the selected series of standard multi-ramp waves 
can be directly output as a drive signal. Therefore, when the 
number (n) of bits of a digital image signal is small, i.e., 
about six, a voltage is selected on the time axis depending 
on, e.g., three high-order bits, and a series of standard 
multi-ramp waves is selected depending on three low-order 
bits. In this manner, the digital driver circuit is especially 
effective from the viewpoint that a simple circuit arrange- 
ment and a simple selection scheme can be used. 

In one aspect of the invention, the digital driver circuit 
includes a voltage change circuit that changes the selected 
voltage in the selected series depending on the value of z (z 
is a natural number) bits whose bit position is lower than that 
of the y bits of the n bits, and the changed voltage is output 
as the drive signal. 

The selected voltage in the selected series of standard 
multi-ramp waves is changed by the voltage change circuit 
depending on the value of the z bits (e.g., least significant 
three bits, four bits, or the like) whose bit position is lower 
than that of the y bits. The changed voltage is output as a 
drive signal. Therefore, when the number (n) of bits of a 
digital image signal is large, i.e., about eight, a voltage is 
selected on the time axis depending on three high-order bits, 
a series of standard multi-ramp waves is selected depending 
on two medium bits, and the selected voltage is slightly 
changed depending on three low-order bits. In this manner, 
the digital driver circuit is effective from the viewpoint that 
multi-gradation can be realized with low power consump- 
tion and high drive performance. 

In one aspect of the invention, the voltage change circuit 
includes an SC-DAC circuit for increasing and decreasing 
the selected voltage in the selected series depending on the 
value of the z bits, the series selection circuit for further 
selecting one series of plural series of reference multi-ramp 
waves for causing the SC-DAC circuit to increase and 
decrease the selected voltage, and the time selection circuit 
for further selecting, on a time axis, a voltage which changes 
in steps in at least the selected series of reference multi-ramp 
waves depending on the value of the x bits. 

One series of the plural series of reference multi-ramp 
waves for causing the SC-DAC circuit to increase and 
decrease the selected voltage is further selected depending 
on the value of the y bits. On the other hand, in the time 
selection circuit, the voltage which changes in steps in at 
least the selected series of reference multi-ramp waves is 
further selected on the time axis depending on the value of 
the x bits. The series selection and the voltage selection may 
be simultaneously performed, or one of them may be per- 
formed first. In the voltage change circuit, the selected 
voltage in the selected series of standard multi-ramp waves 
is increased and decreased by the SC-DAC circuit depend- 
ing on the value of the z bits. Therefore, when the number 
(n) of bits of a digital image signal is large, i.e., about eight, 
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a voltage selected depending on three least significant bits is pumping. For this reason, the capacitors can be reduced in 

slightly changed by using the SC-DAC circuit. In this size, so that an area occupied by the circuit can be reduced, 

manner, the digital driver circuit is effective from the view- \ n one aspect of the invention, voltages of the plural series 

point that multi -gradation can be realized with low power of standard multi-ramp waves increase or decrease every 

consumption and high drive performance. In particular, the s predetermined time unit in a period in which the voltages 

present invention, which performs only fine adjustment of steadily increase or decrease in steps. The magnitudes of the 

the voltage of a drive signal by using the SC-DAC circuit, voltages of the plural series of standard multi-ramp waves in 

can considerably increase the limit of drive performance in the same time unit are constant in all time units in the period, 

comparison with the prior art in which all the gradation and the maximum value of the voltages of the plural series 

levels are realized by using an SC-DAC circuit. Therefore, io 0 f standard multi-ramp waves in one time unit is set to be 

the present invention is suitable as a digital driver circuit to smaller than the minimum value of the voltages of the 

be built in a display panel which generally has a limited size standard multi-ramp waves in another time unit following 

and has limited space for forming an excessively large the corresponding one time unit. 

capacitor therein. j D mc plural series of standard multi-ramp waves, a 

In one aspect of the invention, the SC-DAC circuit 15 voltage having discrete values at predetermined intervals 

performs charge sharing using a plurality of capacitors properly appears in one of the time units of one of the plural 

depending on the value of the z bits on the basis of the series of standard multi-ramp waves. For this reason, when 

selected voltage in the selected series of standard multi-ramp a series of standard multi-ramp waves is selected, and the 

waves and the selected voltage in the selected series of voltage of the selected series is selected on a time axis, a 

reference multi-ramp waves. 20 voltage which efficiently has discrete values can be obtained. 

Charge sharing using a plurality of capacitors is per- The voltage is directly output as a drive signal, or a 

formed by the SC-DAC circuit depending on the value of the multi-gradation-level drive signal can be output on the basis 

z bits on the basis of the selected voltage in the selected of the voltage. 

series of standard multi-ramp waves and the selected voltage In one aspect of the invention, a multi-ramp wave gen- 

in the selected series of reference multi-ramp waves. 25 eration circuit generates the plural series of standard multi - 

Therefore, a voltage between the voltage of the standard ramp waves. 

multi-ramp waves and the voltage of the reference multi- The plural series of standard multi-ramp waves are gen- 
ramp waves corresponding to the standard multi-ramp erated by the multi-ramp wave generation circuit arranged in 
waves can be output by charge sharing. ^ the digital driver circuit. Therefore, in particular, standard 

In one aspect of the invention, the voltage change circuit multi-ramp waves are not required to be supplied from an 

further comprises an inversion circuit that inverts the value external circuit. The digital driver circuit including an 

of the z bits to input the value to the SC-DAC circuit, and SC-DAC circuit may further include a reference multi -ramp 

the SC-DAC circuit performs voltage subtraction by charge wave generation circuit that generates plural series of ref- 

sharing depending on the inverted value of the z bit. 35 erence multi-ramp waves. The digital driver circuit may also 

The value of the z bits is inverted by the inversion circuit be formed such that one or both of the standard multi-ramp 

first, and the inverted value of the z bits is input to the waves and the reference multi-ramp waves are supplied 

SC-DAC circuit. At this time, in the SC-DAC circuit, from outside of the digital driver circuit, 

voltage subtraction is performed by charge sharing depend- In one aspect of the invention, the multi-ramp wave 

ing on the inverted value of the z bit. Therefore, the voltage ^ generation circuit adjusts the voltages of the plural series of 

between the voltage of standard multi-ramp waves and the standard multi-ramp waves to perform y-correction of the 

voltage of reference multi-ramp waves which correspond to digital image signal to the electro-optical device, 

the standard multi-ramp waves and is lower than the voltage The voltage of the plural series of standard multi -ramp 

of the standard multi -ramp waves at the same time can be waves are adjusted by the multi-ramp wave generation 

output by voltage subtraction. In this manner, when the 45 rneans to perform y-correction of the digital image signal to 

voltage of the reference multi-ramp waves is set to be lower tne electro -optical device, such as a display panel. In this 

than that of the standard multi- ramp wave, the reference casej the step-form changes in voltages of the series of 

multi-ramp waves in the digital driver circuit can be easily standard multi-ramp waves are changes which increase in 

handled, and an amplifier having low performance can be steps over a relatively long time period. For this reason, 

advantageously used to generate the reference multi-ramp 50 when the y-correction is to be performed, the accuracies of 

wave. timings required for the standard multi-ramp waves can be 

In one aspect of the invention, the SC-DAC performs low. Therefore, by using a multi-ramp wave generation 

charge pumping using a plurality of capacitors depending on circuit having a relatively low through rate, y-correction can 

the value of the z bits on the basis of the selected voltage in be performed at a high accuracy while keeping power 

the selected series of standard multi-ramp waves and the 55 consumption low and improving drive performance, 

selected voltage in the selected series of reference multi- In one aspect of the invention, the voltages of the plural 

ramp waves. series of standard multi-ramp waves are adjusted to perform 

Charge pumping using a plurality of capacitors is per- y-correction of the digital image signal to the electro-optical 

formed by the SC-DAC circuit depending on the value of the device, such as a display panel. In this case, the step-form 

z bits on the basis of the selected voltage in the selected 60 changes in voltages of the series of standard multi-ramp 

series of standard multi-ramp waves and the selected voltage waves ares changes which increase every step and the 

in the selected series of reference multi-ramp waves. More voltages at each step are maintained over a relatively long 

specifically, for example, the difference between the poten- period of time. For this reason, when y-correction is to be 

tial of the selected series of reference multi-ramp waves is performed, the accuracies of timings required for the stan- 

added to the potential of the selected series of standard 65 dard multi-ramp waves may be low. Therefore, by using a 

multi-ramp waves by a selected capacitor. Therefore, a large multi-ramp wave generation circuit having a relatively low 

voltage can be applied with a small capacitance by charge through rate, y-correction can be performed at a high accu- 
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racy while keeping power consumption low and improving FIG. 6 is a block diagram showing the arrangement of a 

drive performance. digital driver circuit according to the second embodiment of 

In one aspect of the invention, an electro -optical device the present invention, 

includes a digital driver circuit of the invention. Since the pjQ 7 ^ a oirouit diagram of the digital driver circuit 

electro-optical device includes a digital driver circuit of the 5 according to the second embodiment, 

present invention, a large -size electro -optical device can be ™^ « a ■ c -* * 1 1 • 

V,. , . , ' m ,„„ 0 „ t - r FIG. 8A is a waveform chart of plural senes of standard 

realized with low power consumption. , , , . . .. . fj • j- 

t * • *• .1. 1 *_ * * 1 j ■ multi-ramp waves used in the digital driver circuit according 

In one aspect of the invention, the electro-optical device t . v A . , . , 6 6 

is a liquid-crystal device having a thin film transistor as a to me embodiment - 

switching element in each pixel and using a TFT active 10 FIG. 8B is a waveform chart of reference multi-ramp 

matrix drive scheme. The series selection circuit and the waves. 

series time selection circuit are thin film transistors, respec- FIG. 9 is a timing chart of various signals in the digital 

lively. driver circuit according to the second embodiment. 

Since the series selection circuit and the series time FIG. 10 is a circuit diagram of a digital driver circuit 

selection circuit in the digital driver circuit for driving a J5 accordin to a ^ embodiment of the present invention, 

liquid-crystal device using the TFT active matrix drive c . - i LJ -i 

scheme are constituted by thin film transistors, respectively, FIG. 11 1S a * mm B cnart of various sl S nals in me dl S llal 

various elements and circuits can be constituted by thin film dnver circuit according to the third embodiment, 

transistors in the device. For this reason, the electro -optical FIG. 12 is a circuit diagram of a digital driver circuit 

device is advantageous in structure. In particular, such a according to a fourth embodiment of the present invention, 

digital driver circuit can be formed as a relatively simple 20 FIG. 13 is a timing chart of various signals in the digital 

circuit formed on a TFT matrix substrate, using thin film driver circuit according to the fourth embodiment, 

transistors, and having a relatively small circuit area. Thus, FIG. 14 is a block diagram of a multi-ramp wave gen- 

a liquid-crystal device which has a large screen, but low eratkm circuit for generating standard multi-ramp waves in 

power consumption and uses the TFT active matrix drive me em b 0 di men ts 

scheme can be realized. In addition, when the digital drive _._ ... r Ci LJ * c 

. , , t_ ii_ * iL. u c . j j w FIG, 15 is a block diagram of a first embodiment of a 

circuit is formed such that the voltages or standard multi- . . . , A . , & ,. A . 

j. , j . _c 0 u - hquid-crystal device according to the present invention, 

ramp waves are adjusted to perform -/-correction, a multi- M J t> r 

gradation-level, high-quality display operation can be per- FIG. 16 is a block diagram of a second embodiment of a 

formed while performing ^-correction at a high accuracy. 3o liquid-crystal device according to the present invention. 

In one aspect of the invention, an electronic apparatus, FIG. 17 is a block diagram of a third embodiment of a 

such as a television set, a satellite navigation system, an liquid-crystal device according to the present invention, 

electronic organizer, or a portable telephone set which has a FIG. 18 is a schematic block diagram of an embodiment 

large size and low power consumption and includes the of an electronic apparatus according to the present invention, 

electro-optical device according to the invention can per- 35 pj G 19 ^ a sectional view of a liquid crystal projector 

form a multi-gradation-level, high-quality display operation serving as an example of the electronic apparatus, 

or the like. 20 is a front view of a personal computer serving as 

The invention also provides a method for driving an another example of the electronic apparatus. 

electro -optical device. A series of standard multi-ramp „ . , . , . c 

. r . 1t .... • FIG. 21 is an exploded perspective view of a pager 

waves, having voltages that change in steps with a passage ^ . , r 1 . • ^ 

- 4 . ' . 1 . j tf ~] t_r r u-*-r*i- 40 serving as an example of the electro mc apparatus, 

of time, is selected based on y bits of an n bit digital image 6 r rr 

signal. A voltage in the selected series of standard multi- FIG. 22 is a perspective view of a liquid-crystal device 

ramp waves is then selected based on x bits of the digital usin S a TCP ™ d serving as an example of the electronic 

image signal. The x bits of the digital image signal have a apparatus. 

higher bit position than the y bits. An analog drive signal is 45 DETAILED DESCRIPTION OF PREFERRED 

output to an electro -optical device based on the selected EMBODIMENTS 
voltage. 

The operations and other aspects of the present invention Embodiments of the present invention will be described 

will be apparent from the embodiments to be described below with reference to the drawings, 

below. 50 A digital driver circuit according to a first embodiment of 

BRIEF DESCRIPTION OF THE DRAWINGS &c present mvention will be described with reference to 

FIG. 1 to FIG. 5. FIG. 1 is a block diagram of the digital 

FIG. 1 is a block diagram showing the arrangement of a driver circuit> and FIG 2 is a circuit diagram showing the 

digital driver circuit according to a first embodiment of the dctailed arrangement of the digjtal driver circuitt FIG. 3 is a 

present invention. 55 waV eform chart showing an example of standard multi-ramp 

FIG. 2 is a circuit diagram of a digital driver circuit waves used | n tne fi rst embodiment, and FIG. 4 is a timing 

according to the first embodiment. cnar t of various signals in the first embodiment. FIG. 5 

FIG. 3 is a waveform chart of plural series of standard includes waveform charts showing standard multi -ramp 

multi-ramp waves used in the digital driver circuit according waves in comparative examples. 

to the first embodiment. 60 ^ embodiment described below is a digital driver 

FIG. 4 is a timing chart of various signals in the digital circuit which receives a 6-bit digital image signal as an input 

driver circuit according to the first embodiment. and generates an analog drive signal corresponding to the 

FIG. 5A is a basic waveform chart of a series of multi- digital image signal for output to a signal line of an elec- 

ramp waves in a comparative example. trooptical device, e.g., a liquid-crystal panel portion in a 

FIG. SB is a waveform chart of one series of multi-ramp 65 liquid-crystal device. In particular, the first embodiment has 

waves in a comparative example for performing an arrangement in which one series of eight series of 

Y-correction. standard multi-ramp waves is selected depending on three 
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low-order bits of the digital image signal, and the voltage of clocks PCL2 0 , PCL2 1 , and PCL2 2 . The second switching 

the selected standard multi-ramp waves is selected on a time circuit 22, which includes a plurality of thin film transistors, 

axis depending on three high-order bits. selectively supplies the voltage of the standard multi-ramp 

Referring to FIG. 1, the digital driver circuit includes a waves supplied through the first switching circuit 21 to the 

latch circuit A 11 for latching 6-bit digital image signals by - s signal line depending on the pulse widths of the 3-bit PWM 

a transfer signal from a corresponding stage of a shift signals. Thus, for example, the PWM circuit 18 and the 

register circuit 10 having the number of stages correspond- sccond switching circuit 22 form a time selection circuit, 

ing to a plurality of digital driver circuits, A latch circuit B When a rcset signal RSI is input from a control circuit (not 

12 latches all six bits of the digital image signal latched by shown), the PWM circuit 18 is reset. Reference symbol CO 

the latch circuit A 11 at the timing of a latch pulse signal LP 1° connected to the output of the second switching circuit 22 

A decoder circuit 16 decodes three low-order bits latched by denotes a capacitor that includes a signal line, a pixel 

the latch circuit B 12, and a PWM circuit 18 performs pulse electrode, and the like in a liquid-crystal panel, 

width modulation on the basis of three high-order bits The level shifter circuit 19 raises the voltage levels of a 

latched by the latch circuit B 12. A level shifter circuit 19 PWM signal and a decoder output signal each having a 

raises the voltage levels of a decoder output signal from the * 5 power supply voltage of, e.g., 5 V to 12 V. The values of 

decoder circuit 16 and a PWM signal from the PWM circuit these power source voltages are not limited to 5 V or 12 V. 

18. A first switching circuit 21 selectively outputs one of In addition, if a switching operation in the switching circuit 

standard multi-ramp waves RAMP1 to RAMP8 whose volt- 21 or 22 can be sufficiently performed at, e.g., 5 V, the digital 

ages change in the form of steps with the passage of time driver circuit may be formed without the level shifter circuit 

depending on the decoder output signal input from the 20 19. 

decoder circuit 16 through the level shifter circuit 19. A Concrete examples of the waveforms of the eight series of 

second switching circuit 22 selects the voltage, changing in standard multi-ramp waves RAMP1 to RAMP8 are shown 

steps, of the standard multi-ramp waves selectively output j n FIG. 3. FIG. 3 is a graph showing the voltage values of 

from the first switching circuit 21 on a time axis depending mc plural series of multi-ramp waves RAMP1 to RAMP8 to 

on the pulse width of a PWM signal input from the PWM 25 a time axis mcuic jing time units TO to T7. In FIG. 3, 

circuit 18 through the level shifter circuit 19 to output the reference numerals (0), (1), (2), . . . , (63) denote the values 

voltage to a signal line of a liquid -crystal panel as a drive (values of decimal numbers) of the digital image signals 

signal. corresponding to the voltages. 

Referring to FIG. 2, 6 -bit digital image signals DO to D5 As shown in FIG. 3, the voltages of the eight series of 
(it is assumed that DO and D5 denote a low-order bit and a standard multi-ramp waves RAMP1 to RAMP8 increase or 
high -order bit, respectively) are input from an external decrease (increase in one period shown in FIG. 3) every 
image signal source to the digital driver circuit. PWM basic predetermined time unit Ti (i=0, 1, . . . , 7) in one period (TO 
clocks PCL2 0 , PCL2\ and PCL2 2 are input for pulse width to T7) in which the voltages steadily increase or decrease in 
modulation in the PWM circuit 18 from a clock generation the form of steps. The magnitudes of the voltages of the 
circuit externally connected to or incorporated in the digital standard multi-ramp waves RAMP1 to RAMP8 in the same 
driver circuit. The eight series of standard multi-ramp waves time unit Ti are constant in all the time units Ti in one period 
RAMP1 to RAMP8 are input from a multi-ramp generation (TO to T7). More specifically, when the voltage of a multi- 
circuit externally connected to or incorporated in the digital ramp RAMPj (j-1, 2, . . . , 8) in the time unit Ti is 
driver circuit. ^ represented by V (j,i), V(l,i)<V(2,i)<. . . <V(8,i) is estab- 

The latch circuit A 11 comprises a plurality of latch units lished in any time unit Ti. In addition, in a period (TO to T7), 

AO to A5 corresponding to respective bits of the digital the maximum value of the voltages of the plural series of 

image signals DO to D5 and that each include a transmission standard multi-ramp waves in one time unit Ti, i.e., the 

gate and an inverter. Transfer signals from the corresponding voltage V(8,i) of the multi-ramp wave RAMP8 is set to be 

stages of the shift register circuit 10 are input to the latch 45 smaller than V(l,i+1) which is the voltage of the multi-ramp 

units AO to AS, respectively. The latch circuit A 11 latches wave RAMP8. More specifically, V(8,i)<V(l,i+l) is estab- 

the digital image signals DO to D5 at the timings of the lished with respect to any time unit Ti. 

transfer signals. Since the waveforms of the standard multi-ramp waves 

The latch circuit B 12 comprises a plurality of latch units RAMP1 to RAMP8 are regularly ruled, voltages which have 

BO to B5 corresponding to respective bits of the digital 50 discrete values at predetermined intervals properly appear in 

image signals DO to D5 and each include a transmission gate one of the time units TI in one of the standard multi-ramp 

and an inverter. A latch pulse LP is input to the latch units waves RAMP1 to RAMPS. For this reason, when the 

BO to B5. The latch circuit B 12 is formed to latch digital standard multi-ramp waves RAMP1 to RAMP8 are selected, 

image signals DO to D5 from the latch circuit A 11 at the and the voltage of the standard multi-ramp waves are 

timing of the latch pulse signal LP. 55 selected on a time axis, voltages which have discrete values 

The 3-bit decoder circuit 16 decodes three low-order bits can be efficiently obtained. 

(DO to D2) of the digital image signals DO to D5. The first The operation of the embodiment arranged as described 

switching circuit 21, which includes a plurality of thin film above will be described below with reference to the timing 
transistors, selectively supplies one of the eight series of chart in FIG. 4, In the example in FIG. 4, it is assumed that 

standard multi-ramp waves RAMP1 to RAMP8 to the input 60 the 6-bit value of a digital image signal is (101000) in one 

terminal of the second switching circuit 22 depending on the first-half period (left half), and is (010000) in one second- 

3-bit decoder output signals. Thus, for example, the decoder half period (right half). 

circuit 16 and the first switching circuit 21 form a series Referring to FIG. 4, in one first-half period, on one side, 

selection circuit. the value of low-order bits (000) is decoded by the decoder 

The 3-bit PWM circuit 18 generates 3-bit PWM signals 65 circuit 16, and the standard multi-ramp wave RAMP1 is 
having different pulse widths depending on the value of selected by the first switching circuit 21 depending on the 

high-order x bits (D3 to D5) on the basis of the PWM basic decode output signal. The standard multi-ramp wave 
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RAMPl is supplied to the input terminal of the second 
switching circuit 22. On the other hand, the PWM circuit 18 
generates a 3-bit PWM signal (PWMout) whose level is 
heightened to T4 (i.e., the fifth time unit) in correspondence 
with the value "5" of the three high-order bits (101) on the 
basis of the PWM basic clocks PCL2 0 , PCL2 1 , and PCL2 2 
to supply the PWM signal to the control terminal (i.e., the 
gate electrode of each thin film transistor) of the second 
switching circuit 22. The voltage in the time unit T4 of the 
standard multi-ramp wave RAMPl supplied to the input 
terminal is output from the second switching circuit 22 to the 
signal line as a drive signal voltage. 

In a time unit Thlank subsequent to the first-half period, 
the next digital image signal is latched by the latch circuit B 
12, and the PWM circuit 18 is reset by the reset signal RSI. 

In the second-half period, on one side, the value of 
low-order bits (000) is decoded by the decoder circuit 16, 
and the standard multi-ramp wave RAMPl is selected by the 
first switching circuit 21 depending on the decode output 
signal. The standard multi-ramp wave RAMPl is supplied to 
the input terminal of the second switching circuit 22. On the 
other side, the PWM circuit 18 generates a 3-bit PWM signal 
whose level is heightened to Ti (i.e., the second time unit) in 
correspondence with the value "2"of three high-order bits 
(010) on the basis of the PWM basic clocks PCL2 0 , PCL2\ 
and PCL2 2 to supply the PWM signal to the control terminal 
of the second switching circuit 22. The voltage in the time 
unit T2 of the standard multi-ramp wave RAMPl supplied 
to the input terminal is output from the second switching 
circuit 22 to the signal line as a drive signal voltage. 

In a time unit Thlank subsequent to the second-half 
period, the next digital image signal is latched by the latch 
circuit B 12, and the PWM circuit 18 is reset by the reset 
signal RSI. 

In the first embodiment, the drive signal output as 
described above is supplied to the signal line of a liquid- 
crystal panel using a TFT active matrix drive scheme. In this 
case, one horizontal scanning period in which a scanning 
signal Yn for driving a nth pixel row is supplied is caused 
to correspond to one period (TO to T7) described above. In 
FIG. 4, the Thlank positioned between the time unit T7 in 
one first-half period and the time unit TO in one second-half 
period corresponds to a horizontal retrace line period, and 
one horizontal scanning period- T0+T1+. . . +T7+ Tblank is 
established. As shown in FIG. 3 and FIG. 4, the standard 
multi-ramp waves are inverted in polarity in one period (TO 
to T7) because a scanning line inversion drive scheme for 
inverting a drive voltage polarity every scanning fine is 
performed in driving of the liquid -crystal panel. 

As described above, according to the embodiment, selec- 
tion of the standard multi-ramp waves RAMPl to RAMPS 
and selection of voltages on a time axis (i.e., selection of the 
time units TO to T7) are combined with each other to 
generate drive signals corresponding to the values of the 
digital image signals DO to DS. For this reason, step -form 
changes in voltage in the standard multi-ramp waves 
RAMPl to RAMP8 are changes which increase in steps over 
a relatively long time period. 

Two single series of standard multi-ramp waves which 
makes a gradation display possible in a digital driver circuit 
of a form using PWM and ramp waves is shown in FIGS. 
5(A) and 5(B) as comparative examples. In the comparative 
example in FIG. 5(A), the voltage changes every time unit 
Ti' (1=0 to 63), and respective changes in voltage are slight 
changes. The comparative example in FIG. 5(B) shows one 
series of multi-ramp waves which makes y-correction pos- 
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sible by changes in voltage. In this comparative example, the 
voltage changes every time unit Ti* (I*=0 to 63), and, 
especially, changes in voltage near a central voltage are very 
slight changes. 

5 As is apparent from comparison between FIG. 3 and 
FIGS. 5(A) and 5(B), if drive signals having the same 
number of gradation levels are obtained, step-form changes 
in voltage in the standard multi-ramp waves RAMPl to 
RAMP8 according to the embodiment are changes which 

10 increase in steps over a relatively long time period in 
comparison with the standard multi-ramp waves in the 
comparative example. For example, it is assumed that the 
number of series is represented by M (M: natural number) 
and that a change in voltage for each step in case of one 

15 series of standard multi-ramp waves in FIGS. 5(A) and 5(B) 
is represented by AY In FIG. 3, a change in voltage for each 
step required to realize gradation changes having the same 
fineness is large, i.e., AVxM. In addition, it is assumed that 
a time of one step in case of one series of standard multi- 

20 ramp waves in FIGS. 5(A) and 5(B) is represented by AT. In 
FIG. 3, a time of one step required to realize gradation 
changes having the same fineness is long, i.e., ATxM. 

In addition, when -/-correction is performed by a change 
in voltage of a multi-ramp wave, only the intervals between 

25 the plural series of multi-ramp waves RAMPl to RAMPS 
shown in FIG. 3 and the angles of the multi-ramp waves 
RAMPl to RAMP8 slightly change. In comparison with the 
comparative example shown in FIG. 5(B), if drive signals 
having the same number of gradation levels are obtained, a 

30 change in voltage for each step can be increased, and a long 
time can be set for each step. 

Therefore, according to the embodiment, the accuracies of 
timings required for the standard multi-ramp waves RAMPl 

35 to RAMP8 is considerably lower. In addition, even if the 
performance of an amplifier for supplying the standard 
multi-ramp waves RAMPl to RAMP8 is low, a time margin 
which is sufficient to saturate the capacitor CO constituted by 
a signal line or the like of the display panel with the voltages 

^ of drive signals can be assured. More specifically, since 
drive signals are generated by using constant voltages 
(saturation voltages) which are achieved after ramp waves 
rise without using voltages included in the standard multi- 
ramp waves RAMPl to RAMP8 and generated at the 

45 leading edges of the ramp waves, sharp rising characteristics 
with respect to the corresponding ramp waves are not 
necessary. This is considerably advantageous when plural 
signal lines of a large number of signal lines arranged for 
each pixel column of a display panel or all the signal lines 

5Q are simultaneously driven. 

As a result, according to the digital driver circuit accord- 
ing to the embodiment, drive performance can be improved 
by using a circuit having a relatively low through rate while 
the power consumption is made low, and compensation for 

55 temperature or the like can also be easily performed. 
Furthermore, such a circuit can be formed having a rela- 
tively small circuit area and a relatively simple structure. 
Therefore, the embodiment is applied as a digital driver 
circuit, having high drive performance, for driving a large- 

60 size display panel, or a digital driver circuit which can be 
built in a liquid-crystal panel and has a small size and low 
power consumption. 

In the first embodiment, in particular, a selected voltage in 
selected standard multi-ramp waves is directly output as a 

65 drive signal. For this reason, when the number of bits of a 
digital image signal is small, i.e., about six, the digital drive 
circuit is especially advantageous from the viewpoint that a 
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circuit arrangement and a selection scheme may be rela- 
tively simple. In addition, not only a voltage-drive type 
electro -optical device such as a liquid-crystal panel can be 
driven by a voltage signal, but also, by making current 
supply performance for standard multi-ramp waves, a 5 
current-drive type electro -optical device such as an EL 
(electroluminescence) panel can be driven. 

A digital drive circuit according to the second embodi- 
ment of the present invention will be described below with 
reference to FIG. 6 to FIG. 9. FIG. 6 is a block diagram of 10 
a digital driver circuit according to the second embodiment, 
and FIG. 7 is a circuit diagram showing a more detailed 
arrangement of the digital driver circuit. FIG. 8 includes 
waveform charts showing standard multi-ramp waves and 
reference multi-ramp waves used in the second embodiment, 15 
and FIG. 9 is a timing chart of various signals in the second 
embodiment. The same reference numerals in the first 
embodiment shown in FIGS. 1, 2, and 4 denote the same 
elements and signals in FIG. 6 to FIG. 9, and a description 
thereof is omitted. 20 

In the second embodiment to be described below, a digital 
driver circuit receives 8-bit digital image signals as inputs 
and generates analog drive signals corresponding to the 
digital image signals to be output to a signal line of an 
electrooptical device, e.g., a liquid crystal panel. One series 25 
of four series of standard multi-ramp waves is selected 
depending on two medium bits of the digital image signals, 
and the voltage of the selected standard multi-ramp wave is 
selected on a time axis depending on three high-order bits to 
obtain a voltage having rough gradation. Thereafter, on the 30 
basis of the voltage having rough gradation, a voltage having 
fine gradation is obtained by an SC-DAC circuit. 

Referring to FIG. 6, the digital driver circuit according to 
the second embodiment includes a latch circuit A 11' for 
latching 8 -bit digital image signals by a transfer signal from 35 
a corresponding stage of a shift register circuit 10' having a 
number of stages corresponding to a plurality of digital 
driver circuits. A latch circuit B 12' latches the eight bits of 
the digital image signal latched by the latch circuit A 11' at 
the timing of a latch pulse signal LP. A decoder circuit 16' 40 
decodes two medium bits latched by the latch circuit B 12\ 
and a PWM circuit 18 performs pulse width modulation on 
the basis of three high-order bits latched by the latch circuit 
B 12'. A level shifter circuit 19' raises the voltage levels of 
a decoder output signal from the decoder circuit 16' and a 45 
PWM signal from the PWM circuit 18. A first switching 
circuit A 21a selectively outputs one of four series of 
standard multi-ramp waves RAMP1 to RAMP4 whose volt- 
ages change in steps with the passage of time depending on 
the decoder output signal input from the decoder circuit 16' 50 
through the level shifter circuit 19'. A second switching 
circuit A 22a selects a voltage, changing in the form of steps, 
of the standard multi-ramp waves selectively output from 
the first witching circuit A 21a on a time axis depending on 
the pulse width of a PWM signal input from the PWM 55 
circuit 18 through the level shifter circuit 19. The digital 
driver circuit according to the second embodiment further 
comprises an SC-DAC circuit 25 which increases and 
decreases the voltage selected by the second switching 
circuit A 22a depending on the value of three low-order bits 60 
input through the level shifter circuit 19' to output the 
voltage as a drive signal to a signal line. To the digital driver 
circuit, plural series of reference multi-ramp waves REF1 to 
REF4 corresponding to the multi-ramp waves RAM PI to 
RAMP4 and used as reference when the voltage is increased 65 
and decreased by the SC-DAC circuit 25 are input. The 
digital driver circuit further comprises a first switching 
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circuit B 21b that selectively outputs one of the reference 
multi-ramp waves REF1 to REF4 depending on a decoder 
output signal input from the decoder circuit 16* through the 
level shifter circuit 19', and a second switching circuit B 22£> 
that selects a voltage, changing in the form of steps, of the 
reference multi-ramp waves selectively output from the 
second switching circuit B 22b on a time axis depending on 
the pulse width of a PWM signal input from the PWM 
circuit 18 through the level shifter circuit 19'. In the second 
embodiment, the SC-DAC circuit 25 is an example voltage 
change circuit that changes the voltage selected by the 
second switching circuit A 22a depending on the value of 
three low-order bits. 

Referring to FIG. 7, 8 -bit digital image signals DO to D7 
(it is assumed that DO and D7 denote a low-order bit and a 
high-order bit, respectively), PWM basic clocks PCL2 0 , 
PCL2 1 , and PCL2 2 , the four series of standard multi-ramp 
waves RAMP1 to RAMP4, and the four series of reference 
multi-ramp waves REF1 to REF4 are input to the digital 
driver circuit. 

The latch circuit A 11' includes a plurality of latch units 
AO to A7 corresponding to respective bits of the digital 
image signals DO to D7 and each including a transmission 
gate and an inverter Transfer signals from the shift register 
circuit 10' are sequentially input to the latch units AO to A7, 
The latch circuit A 11' is formed to latch the digital image 
signals DO to D5 at the timings of the transfer signals. 

The latch circuit B 12' includes a plurality of latch units 
B0 to B7 corresponding to respective bits of the digital 
image signals DO to D7 and each including a transmission 
gate and "an inverter, A latch pulse LP is input to the latch 
units B0 to B7. The latch circuit B 12' latches digital image 
signals DO to D7 from the latch circuit All 1 at the timing of 
the latch pulse signal LP. 

The 2-bit decoder circuit 16' decodes two medium bits 
(D3, D4) of the digital image signals DO to D7. The first 
switching circuit A 21a, which includes a plurality of thin 
film transistors, selectively supplies one of the standard 
multi-ramp waves RAMP1 to RAMP4 to the input terminal 
of the second switching circuit A 22a depending on the 2-bit 
decoder output signals. In this example, the decoder circuit 
16' and the first switching circuit A 21c for a series selection 
circuit. The first switching circuit B 21b formed in the same 
manner as that of the first switching circuit A 21a selectively 
supplies one of the reference multi-ramp waves REF1 to 
REF4 to the input terminal of the second switching circuit B 
22b depending on the 2-bit decoder output signal. 

The second switching circuit A 22a, which includes a 
plurality of thin film transistors, is formed such that the 
voltage of standard multi-ramp waves supplied through the 
first switching circuit A 21a is selectively supplied to a 
standard voltage terminal of the SC-DAC circuit 25 depend- 
ing on the pulse widths of 3-bit PWM signals. In this 
example, the PWM circuit 18 and the second switching 
circuit A 22a form a time selection circuit. The second 
switching circuit B 22b formed in the same manner as that 
of the second switching circuit A 22a is formed such that the 
voltage of reference multi-ramp waves supplied through the 
first switching circuit B 21b is selectively supplied to a 
reference voltage terminal of the SC-DAC circuit 25 
depending on the pulse widths of 3-bit PWM signals. 

The SC-DAC circuit 25 includes three capacitors having 
a capacitor ratio of 4C: 2C: 1C. Each capacitor is reset such 
that a reset TFT 25a is rendered conductive by a reset signal 
RS3 and an inversion signal thereof. When the reset signal 
RS3 is set at a low level, the reset TFT 25a is rendered 
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non-conductive, and the voltage of reference multi-ramp realized by using an SC-DAC circuit. Therefore, the 

waves selectively supplied from the second switching circuit embodiment is suitable as a digital driver circuit to be built 

B 22b is accumulated in each capacitor. A switching TFT in a liquid-crystal panel which generally has a limited size 

25b is rendered conductive depending on the value of three and has limited space for forming an excessively large 

low-order bits input through the level shifter circuit 19', and 5 capacitor therein. 

the voltage accumulated in each capacitor is added to In the embodiment, in particular, charge sharing using a 

standard multi-ramp waves selectively supplied from the plurality of capacitors is performed by the SC-DAC circuit 

second switching circuit A 22a. 25 depending on the value of three low-order bits on the 

The level shifter circuit 19' raises the voltage levels of a basis of a selected voltage in selected standard multi-ramp 
PWM signal and a decoder output signal each having a 10 waves and a selected voltage in selected reference multi- 
power supply voltage of, e.g., 5 V, to 12 V. ramp waves. Therefore, a voltage between the voltage of the 

Examples of the waveforms of the standard multi-ramp standard multi-ramp waves and the voltage of the reference 

waves RAMP1 to RAMP4 and the reference multi-ramp multi-ramp waves corresponding to the standard multi-ramp 

waves REF1 to REF4 corresponding thereto are shown in waves can be output by charge sharing. 

FIG. 8. For convenience, FIG. 8 includes graphs showing 15 A digital drive circuit according to the third embodiment 

the voltages of multi-ramp waves corresponding to time of the present invention will be described below with 

units TO to 13. reference to FIG. 10 and FIG. 11. FIG. 10 is a block diagram 

In the examples in FIG. 8, the reference multi-ramp waves of the digital driver circuit according to the third embodi- 

are respectively set to be higher than the voltages of the nient. FIG. 11 is a timing chart of various signals in the third 

corresponding standard multi-ramp waves such that the 20 embodiment. The same reference numerals in the second 

voltages of the corresponding standard multi-ramp waves embodiment shown in FIG. 7 and FIG. 9 denote the same 

can be raised by voltage-addition type charge sharing in the constituent elements and the same signals in FIG. 10 to FIG. 

SC-DAC circuit 25. U, and a description thereof will be omitted. 

The operation of the embodiment arranged as described Referring to FIG. 10, the digital driver circuit of the third 

above will be described below with reference to the liming embodiment is different from that of the second embodiment 

chart in FIG. 9. m mat an inversion circuit 26 is arranged to invert three 

Referring to FIG. 9, as in case of the first embodiment low-order bits output from a latch circuit B 12'. The other 

described with reference to FIG. 4, in one first-half period, arrangement of the third embodiment is the same as that of 

the voltage of the standard multi-ramp wave RAMP1 in the 30 lhe second embodiment. 

time unit T4 is output from the second switching circuit A The SC-DAC circuit 25 performs voltage subtraction by 

22a, and, in one second-half period, the voltage of the charge sharing using reference multi-ramp waves depending 

standard multi-ramp wave RAMP1 in a time unit T2 is on the value of the inverted three low-order bits. As shown 

output from the second switching circuit A 22fl At the same in FIG. 11, the other operation is the same as that in the 

time, in one first-half period, the voltage of the reference 35 second embodiment. 

multi-ramp waves in the time unit T4 is output from the Therefore, voltages between the voltages of standard 

second switching circuit B 22b, and in one second-half multi-ramp waves RAMP1 to RAMP4 and the voltages of 

period, the voltage of the reference multi-ramp waves in the reference multi-ramp waves REF1 to REF4, which are 

time unit T2 is output from the second switching circuit B respectively lower than the voltages of the standard multi- 

22b. 40 ramp waves at the same time, can be output by voltage 

In the second embodiment, in particular, three low-order subtraction. In this manner, according to this embodiment, 

bits are input to the SC-DAC circuit 25 through the level the voltages of the reference multi-ramp waves REF1 to 

shifter circuit 19' at the timing of a reset signal RS2. In a REF4 can be set to be lower than those of the multi-ramp 

period in which the reset signal RS3 is set at a low level, the waves RAMP1 to RAMP4, the reference multi-ramp waves 

voltages accumulated in the capacitors of the SC-DAC 45 in the digital driver circuit can be easily handled, and an 

circuit 25 are added to the standard multi-ramp waves output amplifier having low performance can be advantageously 

from the second switching circuit A 22a by charge sharing used to generate the reference multi-ramp waves REF1 to 

depending on the value of the three low-order bits. More REF4. 

specifically, in case of charge sharing, in the capacitors of A digital drive circuit according to the fourth embodiment 

the SC-DAC circuit 25, opposing electrode sides are shifted 50 of the present invention will be described below with 

by "Vref-Vcenter"(Vref: the voltage of a selected reference reference to FIG. 12 and FIG. 13. FIG. 12 is a circuit 

multi-ramp wave REF) with connection performed by a diagram of the digital driver circuit according to the fourth 

switch (TFT), thereby adding the voltage to the standard embodiment. FIG. 13 is a timing chart of various signals in 

multi-ramp wave RAMP. the fourth embodiment. The same reference numerals in the 

As described above, in the second embodiment, for 8-bit 55 second embodiment shown in FIG. 7 and FIG. 9 denote the 

digital image signals, a voltage is selected on a time axis same constituent elements and the same signals in FIG. 12 

depending on the three high-order bits, a series of standard to FIG. 13, and a description thereof will be omitted, 

multi-ramp waves is selected depending on the two medium Referring to FIG. 12, the digital driver circuit of the fourth 

bits, and a voltage selected depending on the three low-order embodiment is different from that of the second embodiment 

bits is finely adjusted. For this reason, the second embodi- eo in the following point. An SC-DAC circuit 25* includes a 

ment is effective from the viewpoint that multi -gradation is switching circuit 25d for selectively supplying a power 

realized with low power consumption and high drive supply Vcenter 25c and three capacitors by a reset signal 

performance, RS3 and an inversion signal RS3' thereof, and a switching 

In the embodiment, since only fine adjustment of the drive circuit 25e for selectively supplying selected reference 

signal is performed by the SC-DAC circuit 25, the limit of 65 multi-ramp waves to three capacitors by the reset signal RS3 

drive performance can be considerably increased in com- and the inversion signal RS3' thereof The SC-DAC circuit 

parison with the prior art in which all gradation levels are 25* is formed such that a difference between the potential of 
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the selected reference multi-ramp wave REF and a potential 
Vcenter is added to the potential of a selected standard 
multi-ramp wave RAMP by using a selected capacitor, i.e., 
charge pumping is performed. 

When charge pumping is to be performed as described 
above, as shown in FIG. 13, although the waveform of the 
reference multi-ramp wave REF has a large voltage at a 
position where the difference between gradation voltages is 
large, a voltage amplitude smaller than that in case of driving 
by charge sharing may be used This is because, in the 
SC-DAC circuit 25', when charge pumping is performed, a 
large voltage can be added by a small capacitor. For this 
reason, in case of the SC-DAC circuit 25', although the 
number of elements or the like slightly increases, the capaci- 
tors can be reduced in size, so that an area occupied by the 
whole circuit can be reduced. 

Although the SC-DAC circuit 25', as shown in FIG. 12 
and FIG. 13, performs the charge pumping depending on the 
value of three low-order bits, the other operation is the same 
as that of the second embodiment. 

Here, a multi-ramp wave generation circuit for supplying 
standard multi-ramp waves to the digital driver circuit 
according to each of the embodiments described above will 
be described below with reference to FIG. 14. 

Referring to FIG. 14, a multi-ramp wave generation 
circuit 50 comprises a plurality of memories 51, a plurality 
of 10-bit DAC (digital/analog converter) circuit 52, and a 
plurality of output amplifier circuits 53. The memories 51 
store discrete voltage values for regulating a series of RAMP 
waveforms. The 10-bit DAC circuits 52 output analog data 
according to the voltage values stored in the memories 51. 
Although the output amplifier circuits 53 amplify analog 
data output from the 10-bit DAC circuits 52, the output 
amplifier circuits 53 are formed such that multi-ramp waves 
are generated in response to changes of input voltages to the 
output amplifier circuits 53. In this manner, in the multi- 
ramp wave generation circuit 50, a through rate is dependent 
on the performance of the output amplifier circuits 53, and 
the 10-bit DAC circuits 52 may supply only voltage values 
to the output amplifier circuits 53. 

As described above, complex control need not be 
performed, and the output amplifier circuit 53 may have a 
low through rate and low output power. For this reason, the 
multi-ramp wave generation circuit 50 can be constituted by 
a very simple circuit as a whole, and is very advantageous 
in practical use. In this case, in particular, when the accuracy 
of a constant voltage (saturation voltage) which is achieved 
in each ramp wave included in the multi-ramp waves is set, 
multi-ramp waves having any waveform can be used. For 
this reason, a through rate can be set to be small as possible 
within a range in which constant voltage can be obtained, 
and power consumption can also be decreased lo the limit. 

According to the embodiment, step -form changes in volt- 
ages in the series of standard multi-ramp waves as described 
above are changes which increase in steps over a relatively 
long time period. On the other hand, a drive signal is 
generated by using a constant voltage which is achieved 
after a ramp wave rises without using a voltage generated at 
the leading edge of the ramp wave. For this reason, even if 
the ramp wave moderately rises, when the accuracy of a 
constant voltage achieved is high, drive performance can be 
realized with low power consumption by using standard 
multi-ramp waves output from the output amplifier circuits 
53, even if the through rates of the output amplifier circuits 
53 are low or have low accuracies. 

Hie multi-rarap wave generation circuit arranged as 
described above may be externally connected to a digital 
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driver circuit or built therein. A multi-ramp wave generation 
circuit for generating reference multi-ramp waves is formed 
in the same manner as described above. When parameters 
stored in the memories are changed, reference multi-ramp 

5 waves having voltages which higher or lower than those of 
standard multi-ramp waves can be generated. 

The multi-ramp wave generation circuit arranged as 
described above may be formed such that y-correction of 
digital image signals for a liquid-crystal panel is performed 

10 by adjusting the voltages of plural series of standard multi- 
ramp waves, respectively. In this case, step changes in 
voltages in the series of standard multi-ramp waves are 
changes which increase in steps over a relatively long time 
period. For this reason, accuracies required for the timings 

15 of standard multi-ramp waves can be low. In the embodi- 
ment in which drive signals are generated by using constant 
voltages which are achieved after ramp waves rise without 
using voltages generated at the leading edges of ramp waves, 
sharp rising characteristics with respect to the ramp waves 

20 are not necessary. For this reason, by using a multi-ramp 
wave generation circuit having a relatively low through rate 
or a low accuracy of the through rate, y-correction can be 
performed at high accuracy while power consumption is 
kept low and drive performance is improved. 

25 In each of the embodiments described above, selection on 
a time axis is performed depending on a plurality of high- 
order bits, a series of standard multi-ramp waves is selected 
depending on a plurality of medium or low-order bits, and, 
in addition to this, a voltage is changed by an SC-DAC 

30 depending on a plurality of low-order bits. However, the 
numbers of high -order, low-order, and medium bits are not 
limited to the embodiments, and the numbers may be 
arbitrarily set and properly changed depending on the speci- 
fications of devices. 

35 

The embodiments according to the present invention 
described above will be compared with a digital driver 
circuit including the conventional serial dividedvoltage 
resistor circuit (to be referred to as a "comparative example 
1" hereinafter) disclosed in Japanese Unexamined Patent 
Publication No. 9-54309 and a digital driver circuit (to be 
referred to as a "comparative example 2" hereinafter) in 
which all gradation voltages are obtained by the conven- 
tional SC-DAC circuit. 

45 About sixteen large-size TFTs are required in portions of 
the embodiments of the invention described above, but 
about forty-eight TFTs are required in comparative example 
1. This is because a source-drain resistance in a TFT 
connected to a resistor must be decreased. Therefore, the 

50 increase in number of large-size TFTs makes a circuit area 
large. In comparative example 2, such large-size TFTs are 
not required. 

In comparative example 1, a resistor consisting of poly- 
silicon must be arranged. In case of the embodiment or 

55 comparative example 2, such a resistor is not required. On 
the other hand, in comparative example 2, wiring for charg- 
ing or resetting a large number of capacitors is required, and 
a circuit area is increased. When a large-capacity capacitor 
for improving drive performance is included, the circuit size 

60 further increases. For this reason, comparative example 2 is 
limited to driving a liquid-crystal panel having a size of 
about 5" in diagonal length. In contrast to this, in case of the 
embodiment or comparative example 1 , a large-size liquid- 
crystal panel or the like can be driven. 

65 In consideration of a vertical size, when a circuit pitch is 
0.15 mm, the digital driver circuit of the embodiment can be 
micropattemed to be about 3 mm in height. In contrast to 



09/22/2002, EAST Version: 1.03.0002 



US 6,384,806 Bl 



19 



20 



this, in comparative example 1, the vertical size is about 6 
to 7 mm. In comparative example 2, the digital driver circuit 
can be micropattemed to be about 4.2 mm in vertical size. 

Finally, in consideration of power consumption, to 
achieve the same drive performance, in comparative 
example 1, power consumption in the resistor is high, so that 
the power consumption of the circuit as a whole is also high. 
In the embodiment or comparative example 2, power con- 
sumption is low. 

As described above, it is understood that the digital driver 
circuit of the embodiment is excellent from the viewpoints 
of drive performance, power consumption, and circuit area. 
—Embodiments of liquid-crystal devices serving as 
examples of electro-optical devices in which digital driver 
circuits according to the embodiments described above are 
built will be described below with reference to FIG. 15, FIG. 
16, and FIG. 17. 

An embodiment of a liquid-crystal device shown in FIG. 
15 comprises a liquid crystal held between a pair of sub- 
strates. Pixel electrodes 40 for applying voltages to liquid 
crystals in pixels arranged in the form of a matrix are 
arranged on a TFT array substrate 100 serving as one 
substrate. Drive signals from signal lines 41 are supplied as 



10 



signal lines 41 are driven. An upper signal line drive circuit 
101B has one shift register circuit 10B and a number of 
digital driver circuits 200B equal to that of odd-numbered 
(numbers XI, X3, . . . , X2n-\) signal lines 41, so that the 
odd-numbered signal lines 41 are driven. For this reason, 
each of the numbers of bits of the digital driver circuits 200A 
and 200B is set to be Vx (i.e., m/2 bits) the number of bits 
(i.e., m bits) of the digital driver circuit 200 according to the 
first embodiment. 

In addition, in the liquid-crystal device according to the 
embodiment, a check circuit for performing predetermined 
types of electric characteristic checks during manufacturing 
of the liquid-crystal device or after the liquid-crystal device 
is manufactured is vertically divided by two, and the divided 
check circuits are arranged as a check circuit 210B and a 
15 check circuit 210A on the lower side and the upper side, 
respectively. Each of the check circuits 210A and 210B 
includes a plurality of analog switches 211, e.g., TFTs and 
or the like, and a plurality of switch opening/closing control 
circuits 212, e.g., TFTs or the like. When opening 
20 (disconnection), shortcircuit, or the like is checked through 
the even- numbered signal lines 41, application of a prede- 
termined voltage or measurement of a current is performed 
at checking terminals ANGoutT, ToutT, and TinT connected 
to the upper check circuit 21 OA. On the other hand, when 



data signals to the pixel electrodes 40 through the sources 25 checking is performed through the odd-numbered signal 




and drains of TFTs 30 respectively arranged on the pixels. 
Scanning signals are supplied from the signal lines 4 1 to the 
gates of the TFTs 30 L 

i_tlie embodiment in FIG. 15, a signal line drive circuit 
iui has one shift register circuit 10 and a number of digital 30 
onygr circuits 200 equal to that of the signal lines 41. Each 
*~ the digital driver circuits 200 is, the same as the digrtat 
driver circuit (see FIG. 2) according to the first embodiment 1 
described above , so that the signal lincg 41 are driven.) 
Sigs.lor standard multi-ramp waves RAMP1 to, RAMPS 35 
^arecommonly connected to all the digital driver circuits 200. 
For this reason, an amplifier for outputting these multi-ramp 
waves requires voltage supply performance for saturating 
y the voltages of the plurality of signal lines .41. However, 
' since plural series of step-form multi-ramp waves are used ^ 

as described, above, time margins which . are sufficient to 
^electrically saturate the signal lines 41 with multi-ramp 
waves can-be obtained. 



lines 41, application of a predetermined voltage or measure- 
ment of a current is performed at checking terminals 
ANGoutB, ToutB, and TinB connected to the lower check 
circuit 210B. 

, Referring to FIG. '.17, capacitive lines 43 are arranged 
along the scanning lines 42 every pixel row for adding an 
accumulated capacity to the liquid-crystal pixels. However, 
in the embodiments of the liquid-crystal devices shown in 
FIGS. 15 and 16, capacitive lines (not shown) are not 
arranged in the same manner as described above. ( 

)The liquid-crystal device according to the embodiment 
has a compact arrangement as a whole since the check and 
driver circuits are vertically divided. Morespecifically, since 
the digital driver dfcuit ofthe check'circuit is divided, * the. 
number of elements -included in each circuit is X A that of a 
Therefore, in comparison' with a ,case 



cdmplete^circuit. Therefore, in comparison 
|yherein these divided circuits are formed as one-xircuit, 
_ Ire as occupied by the_circults are respectively reduced^he 
^_signaiTxne drive circuit 101 is formed on the^^T^ ^elements can^, arranged- or wired -with margins of the 



a^uMg;|§P ^^ A g ,V^r% d a|ywp, e^ r |f ^ ^ ^ 

Sr^e^^iS^200 can be micropattemed to be about 3 mm j In particular, with respect to an electro-optical panel, such 

in vertical size, even if the pixel pitch is 0.15 mmr \ as an liquid-crystal panel that has an image display region 

Another embodiment of a liquid -crystal device shown in , formed at the center and peripheral regions formed above 

FIG. 16 has a number of digital driver circuits 200' equal to and below the image display region, elements can be 

the number of signal lines 41 and each of the digital driver 50 > arranged or wired with well-balanced margins formed in the 

circuits 200' is the same as one of the digital driver circuit ■ upper and lower peripheral regions. < 

(see FIG. 7, FIG. 10, and FIG. 12) according to the second The division performed as- described above makes Jt 

to fourth embodiments. Wirings for multi-ramp waves possibleJo^n^farmlyarrange circuits, and dead spaces on 

RAMP1 to RAMP4 and reference multi-ramp waves REF1 the dcWBBS m be effectively used. For example, in 

to REF4 are commonly connected to all of the digital driver 55- the case^joy^MqulS^rystal panel, a dead space located - 

circuits 200\ Other portions of the liquid -crystal device in immediately below a sealing- material for sealing a liquid^ 

FIG. 16 are the same as that in the embodiment in FIG. 15. crystal-between both of a pair of substrates adhered to eaehy 

" : Stafan6t{ier embodimenrof a liquid-crystal devicejhown other can be.practically used. More specifically, since t^.. 

, in FIG. 17 comprises digital driver circuits 200A"(lower) and vsealing material is formed to be in contact with the p'eriph-/ 
200B (upper) formed such that the digital driver circuits- 60 eries of the substrates with uniform widths such that exces- ' 

200A and 200B are^rTone half of the digital driver circuit / sive stress does not act on the substrates, the numbers of 

"~" elements in the circuits are reduced by dividing the circuits,: 



(see FIG. 2) according to the first embodiment described 
above. More specifically, a lower signal line drive circuit 
101A has a shift resistor circuit 10A and a number of digital 
driver circuits 200A equal to that of even-numbered 
(numbers X2, X4, . . . , X2n) signal lines 41 and which are 
divided as described above, so that the even-numbered 



and the circuits may be uniformly arranged in the region 
located -immediately below the seating material^ 

In an electro -optical panel of this type, a pitch of circuit 
elements in one direction along a scanning line is especially 
limited. 
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Since the size of the check circuit is smaller than the Examples of the electronic apparatus arranged as 

element size of the digital driver circuit, further space saving described above are shown in FIG. 19 to FIG. 22. 

canfthejachi^ check circuity and an Referring to FIG. 19, a liquid-crystal projector 1100 

^varX^egoM ' includes three liquid-crystal modules each including the 

V In addition, since the number of stages of the shift 5 liquid-crystal panel 1006 having the display circuit 1004 

registerslOAandlOBishalfofmatmthefirstembodiment, m ^*f °5 ^JF* Tlf/Tr^f Tt^ ° ^ 

an operation frequency also becomes and an advantage in values 100R lOOG^nd 100B for RGB light. In the liquid- 

. r . , . M . . . , crystal proiector 1100, when protection light is emitted from 

circuit design can be obtained. a ^ ^ nQ2 &uch ^ g m £ tai J halide la * mpj the proje ction 

In FIG. 17, when the phases of upper multi-ramp waves light is divided into light components R, G, and B corre- 

RAMP1T to 8T and the phases of lower multi-ramp waves 10 spon ding to the three primary colors of RGB by three 

RAMP1B to 8B are shifted from each other by 180°, dot mirrors 1106 and two dichroic mirrors 1108. The light 

inversion drive can be performed. For this reason, flicker or components R, G, and B are guided to the light values 100R, 

the like of a display image can be prevented, and the liquid 100G, and 100B corresponding to the colors, respectively. In 

crystal can also be prevented from being degraded by this case, in particular, B light is guided through a relay lens 

applying a DC voltage. 15 system 1121, which includes an incident lens 1122, a relay 

According to the embodiments of the liquid-crystal lens 1123, and an emission lens 1124 to prevent light loss 

devices shown in FIGS. 15 to 17, even if the image display caused by a long optical path. The light components corre- 

regions are increased in size, the liquid-crystal devices can sponding to the three primary colors respectively modulated 

be driven, the ratio of the image display regions to the device by the light valves 100R, 100G, and 100B are synthesized 

bodies can be increased, and power consumption can be 20 with each other by a dichroic prism 1112, and the synthe- 

lowered. In addition, y-correction can also be accurately sized light is projected on a screen 1120 through a projection 

performed by adjusting the voltage values of multi-ramp lens 1114 as a color image. 

waves. In this embodiment, in particular, when a light-shielding 

Each of the embodiments of the liquid-crystal devices layer is also arranged on the lower side of a TFT, even if part 

shown in FIG. 15 to FIG. 17 is formed as a liquid-crystal (part of R lightand G light) of the light passing through the 

device comprising the TFTs 30 as switching elements in liquid-crystal panel and penetrating the dichroic prism 1112 

respective pixels and using a TFT active matrix drive is reflected to the TFT array substrate as return light, light 

scheme. However, various switches, logical circuits, and the shielding for the channel of a switching TFT or the like of 

like (see FIG. 2, FIG. 7, FIG. 10, and FIG. 12) included in 3Q a pixel electrode can be sufficiently performed. In this case, 

the digital driver circuits 200 can be preferably replaced even if a prism suitable for reduction in size is used in the 

with TFTs. More specifically, various elements can be projection optical system between the TFT array substrate 

formed as a whole device by a thin film forming technique, and the prism of each liquid-crystal panel, an AR filn for 

so that an advantage in manufacturing can be obtained. preventing return light need not be adhered, or a polarizing 

Embodiments of electronic apparatus including the 35 plate need not be subjected to an AR coating process. For 

liquid-crystal devices described above will be described this reason, the embodiment is considerably advantageous to 

below with reference to FIG. 18 to FIG. 22. achieve a compact and simple arrangement. 

A schematic block diagram of an electronic apparatus Referring to FIG. 20, a multimedia laptop personal corn- 
including the liquid-crystal device as described above is P^er (PQ 1200 includes the liquid-crystal panel 1006 
shown in FIG 18 40 described above in a top cover case. In addition, the personal 

Referring to FIG. 18, the electronic apparatus comprises computer 1200 includes a main body 1204 which incorpo- 
a display information output source 1000, a display infor- ra [ e \ a ^ a a MODEM, and the like and in 
mation processing circuit 1002, a display circuit 1004, a whlch a ke V boaKi 1202 15 buUt _ . , j bj 
liquid-crystal panel 1006, a clock generation circuit 1008, • Referring to FIG. 21, a pager 1300 includes a hquid- 
and a power supply circuit 1010. The display information 45 crystal panel 1006 and display circuit 1004 mounted on a 
output source 1000 includes a memory, such as a ROM TFT array substrate that form a liquid-crystal module incor- 
(Read Only Memory), a RAM (Random Access Memory), Ported m a metal frame 1302 together with a light guide 
or an optical disk device and a tuning circuit or the like for 1306, backlight 1306a, a circuit board 1308, first and second 
tuning a television signal to output the tuned television shield plates 1310 and 1312, two elastic conductors 1314 
signal, and outputs display information, such as an image 50 and 1316, and a film earner tape 1318. In this example, the 
signal having a predetermined format to the display infor- display information processing circuit 1002 described above 
mation processing circuit 1002. The display information (see FIG. 18) may be mounted on the circuit board 1308, or 
processing circuit 1002 includes various known processing may be mounted on the TFT array substrate of the liquid- 
circuits such as an amplification-polarity inversion circuit, a crystal panel 1006. In addition, the display circuit 1004 
phase development circuit, a rotation circuit, a gamma- 55 described above can also be mounted on the circuit board 
correction circuit, and a clamping circuit, and sequentially 1308. 

generates digital signals from the display information input Since the example shown in FIG. 21 is a pager, the circuit 

on the basis of the clock signal to output the digital signals board 1308 and the like are also included. However, when 

to the display circuit 1004 together with a clock signal CLK. the display circuit 1004 or the display information process- 

The display circuit 1004 corresponds to the digital driver 60 ing circuit 1002 is also mounted to the liquid crystal panel 

circuit in each of the embodiments described above to drive 1006 to form a liquid -crystal module, a device in which the 

the liquid-crystal panel 1006. The power supply circuit 1010 liquid-crystal panel 1006 is fixed in the metal frame 1302 

supplies predetermined power signals to the respective cir- can also be produced, sold, and used as a liquid-crystal 

cuits described above. The display circuit 1004 may be device or a backlight liquid-crystal device in which the light 

mounted on a TFT array substrate of the liquid-crystal panel 65 guide 1306 is additionally built. 

1006 along with the display information processing circuit As shown in FIG. 22, the liquid-crystal panel 1006 does 

1002. no* include the display circuit 1004 or the display informa- 
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tion processing circuit 1002. Instead, an IC 1324 including 
the display circuit 1004 or the display information process- 
ing circuit 1002 is physically and electrically connected to a 
TCP (Tape Carrier Package) 1320 packaged on a polyimide 
tape 1322 through an anisotropic conductive film formed on 
a peripheral portion of a TFT array substrate 100. The 
resultant device can also be produced, sold, or used as a 
liquid-crystal device. 

In addition to the electronic apparatuses described with 
reference to FIG. 19 to FIG, 22, a liquid-crystal television, 
a viewfinder type or direct-vision type video cassette 
recorder monitor, a satellite navigation system, an electronic 
organizer, a calculator, a wordprocessor, an engineering 
workstation (EWS), a portable telephone set, a television 
telephone set, a POS terminal, a device having a touch panel, 
and the like are used as examples of the electronic apparatus 
shown in FIG. 18. 

As described above, according to the embodiments, vari- 
ous electronic apparatuses comprising large-size liquid- 
crystal devices having low power consumption can be 
realized. 

According to the digital driver circuit of the present 
invention, when selection of a series of standard multi-ramp 
waves and selection of a voltage are combined to each other, 
drive signals corresponding to the value of digital image 
signals are generated. For this reason, the accuracies of 
timings required for the respective standard multi-ramp 
waves are considerably reduced. In addition, even if an 
amplifier for supplying the standard multi-ramp waves has 
low performance, a time margin which is sufficient to 
saturate a signal line with the voltage of a drive signal can 
be assured. As a result, according to the digital driver circuit 
of the present invention, drive performance can be improved 
by using a circuit having a relatively low through rate while 
keeping power consumption low, and temperature compen- 
sation or Y-correction can be relatively easily performed at 
a high accuracy. 

What is claimed is: 

1. A driver circuit for an electro-optical device that 
receives an n-bit (n is a natural number not less than 2) 
digital image signal supplied from n bit lines, generates an 
analog drive signal corresponding to the digital image 
signal, and outputs the analog drive signal to a signal line 
comprising: 

a series selection circuit that selects at least one series 
from plural series of standard multi-ramp waves, hav- 
ing voltages that change in steps with a passage of time, 
according to the n-bit digital image signal; and 

a time selection circuit that selects a time of at least one 
of the selected series of standard multi-ramp waves and 
a wave based on the selected series of standard multi- 
ramp waves to generate at least one voltage, the time 
selection circuit having a PWM circuit that generates 
pulse signals having different pulse widths, and the 
series selection circuit having a decoder that decodes at 
least one portion of the digital image signal. 

2. A driver circuit for an electro-optical device that 
receives an n-bit (n is a natural number not less than 2) 
digital image signal supplied from n bit lines, generates an 
analog drive signal corresponding to the digital image 
signal, and outputs the analog drive signal to a signal line 
comprising: 
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a series selection circuit that selects at least one series 
from plural series of standard multi-ramp waves, hav- 
ing voltages that change in steps with a passage of time, 
according to the n-bit digital image signal; 

5 a time selection circuit that selects a time of at least one 
of the selected series of standard multi-ramp waves and 
a wave based on the selected series of standard multi- 
ramp waves to generate at least one voltage; 

10 a voltage change circuit that changes at least one of the 
generated voltage and a voltage based on the generated 
voltage, the voltage change circuit comprising an 
SC-DAC (Switched Capacitor-Digital to Analog 
Converter) circuit; 

15 an inversion circuit that inverts a digital value of at least 
one portion of the digital image signal for input to the 
SC-DAC circuit, the SC-DAC circuit performing volt- 
age subtraction by charge sharing depending on the 

20 inverted portion. 

3. A method for driving an electro-optical device, com- 
prising: 

selecting at least one series from plural series of standard 
multi-ramp waves, having voltages that change in steps 
25 with a passage of time, according to an n-bit digital 
image signal; and 
selecting a time of at least one of the selected series of 
standard multi-ramp waves and a wave based on the 
30 selected series of standard multi-ramp wave to generate 
at least one voltage; and 
generating a pulse width modulated signal. 

4. A method for driving an electro-optical device, com- 
prising: 

35 selecting at least one series from plural series of standard 
multi-ramp waves, having voltages that change in steps 
with a passage of time, according to an n-bit digital 
image signal; 

40 selecting a time of at least one of the selected series of 
standard multi-ramp waves and a wave based on the 
selected series of standard multi-ramp wave to generate 
at least one voltage; 
changing the generated voltage; 
45 inverting a digital value of at least one portion of the 
digital image signal; and 
performing voltage subtraction by charge sharing based 
on the inverted value. 

5. A method for driving an electro-optical device, com- 
50 prising: 

selecting at least one series from plural series of standard 
multi-ramp waves, having voltages that change in steps 
with a passage of time, according to an n-bit digital 
55 image signal; 

selecting a time of at least one of the selected series of 
standard multi-ramp waves and a wave based on the 
selected series of standard multi-ramp wave to generate 
at least one voltage; 

60 

changing the generated voltage; and 

performing one of charge sharing and charge pumping 

using the generated voltage and a selected reference 

voltage. 

6S 6. A driver circuit for an electro -optical device that 
receives an n-bit (n is a natural number not less than 2) 
digital image signal supplied from n bit lines, generates an 
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analog drive signal corresponding to the digital image 
signal, and outputs the analog drive signal to a signal line 
comprising: 

a series selection circuit that selects at least one series 
from plural series of standard multi-ramp waves, hav- 
ing voltages that change in steps with a passage of time, 
according to the n-bit digital image signal; 

a time selection circuit that selects a time of at least one 
of the selected series of standard multi-ramp waves and 
a wave based on the selected series of standard multi- 
ramp waves to generate at least one voltage; 
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a voltage change circuit that changes at least one of the 
generated voltage and a voltage based on the generated 
voltage, the time selection circuit receiving digital 
values corresponding to a first bit to an m-th bit 
(l^m<p<n, m and p are natural numbers), the series 
selection circuit receiving digital values corresponding 
to an m+l-th bit to a p-th bit, and the voltage change 
circuit receiving digital values corresponding to a p+1- 
th bit to the n-th bit. 

♦ * * * * 
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